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INTRODUCTION
Although numerous studies have considered the physiology of mastication, questions still exist concerning the pattern and timing of mas-

ticatory movements and associated muscle activities.

It is a character-

istic of mammals that most of the structural requirements for mastication

are present at birth, but chewing is not manifested as a consummatory behavior until a considerable and variable postnatal period has passed

(Dubner, Storey, Sessle, 1978). Mastication is considered by some to
be a predominantly learned activity (Moyers, 1975) exhibited as a

cyclical, learned pattern which is controlled by sensory feedback

(Sessle and Hannam, 1976).

In man and lower animals, mastication is a

fundamental, yet highly complicated and coordinated, function.

Super-

imposed upon the basic pattern of muscle activity are various reflex

and higher center mechanisms (Dubner et al., 1978).

The complexity of

mastication and the variety of factors (e.g., pain, hunger, stress,

emotion) that can influence this function have resulted in much uncertainty about the underlying physiologic mechanisms of mastication and

the treatment of disorders of the masticatory apparatus (Sessle and

Hannam, 1976).
Masticatory activity represents a developed and integrated pattern

of several voluntary and reflex components.

These components are usually

considered to be adaptive in the child, but less flexible in later years

(Moyers, 1975).

The fact that the plasticity of the neuromuscular sys-

tem allows it to adapt to morphological (bony) changes suggests that

early stages of pathologic conditions may not be readily recognized

(Hannam, 1976).
Reflexes elicited from. the masticatory muscles can provide information about

the

connections which exist between afferent and efferent

systems involved in the control of the masticatory muscles (Matthews,

1976). Sensory input is provided from receptors in the periodontium,
temporomandibular joint, oral mucosa, and the muscles themselves.

These

neurologic pathways comprise a complex afferent system in the orofacial
region; they are of clinical significance because they may be activated

during cyclical jaw movements (Ahlgren, 1967, 1969) and other functional
activities and can be modified by pathologic conditions

Mohl, 1971).

(Bessette, Bishop,

It is reasonable to assume that the organization of the

oral afferent system is influenced by the oral environment and changes
in this environment.

Some of the more obvious changes to the oral en-

vironment are surgical intervention, extraction of teeth, or the changes

in dentition which occur during development.

There are known histologic, anatomical, eruptive and occlusal dif-

ferences in the deciduous dentition when compared to the permanent dentition.

Cuspal height, cuspal angle, and incisal guidance play a role

in the establishment of chewing patterns in the infant (Moyers, 1964,

1975) and these tooth-related factors change with the development of the
adult dentition (Poole, 1976).

Adaptation of muscle EMG patterns has

been linked to various stages of dentitional development (Moyers, 1964).
The influence of changes in dentitional status on the various neural

feedback mechanisms may be important in the establishment and maintenance
of normal masticatory function.

The question can be raised as to

whether the afferent responses elicited by receptor stimulation and the

subsequent functional and reflex patterns which result are the same in

a child and young adult.

The general purpose of this thesis is to study

the reflex patterns in selected masticatory muscles of children in different stages of dentitional development.
Children and adolescents suffer from occlusal and mandibular dys-

functional disturbances (Perry, 1976), the etiologies of which are
often unknown.

In order to understand the physiologic significance of

such functional aberrations, we must first define the normal functional

state.

Such understanding is vital to the proper diagnosis and treat-

ment of dysfunctional masticatory systems and/or their sequelae.

The

need for a better understanding is confirmed by present approaches to
the clinical management of mandibular dysfunctional syndromes.

Alter-

ations are frequently made to the occlusion in an effort to alleviate

the signs and symptoms of these dysfunctions.

Though such treatment is

often effective, the physiologic changes which ensue are poorly under-

stood (Hannam, DeCou, Scott, and Wood, 1977).

Most studies on the

regulation and control of mandibular position and function have involved

adults.

Consequently, prosthetically based concepts oriented toward

adult clinical practice are often applied to children (Moyers, 1975).
During development, before all teeth have erupted and facial growth is

completed, it may be presumptuous to maintain the same clinical concepts
which are so useful in understanding and treating the adult (Ramfjord

and Ash, 1971; Moyers, 1975) i.e., occlusal equilibration, splint therapy,
prosthetic rehabilitation.
Stimulation of periodontal receptors has been frequently implicated

as the initiator of certain reflex activities in the jaw closing muscles
of man (Ahlgren, 1967, 1969; Hannam, Matthews, and Yemm, 1969; Sessle

and Schmitt, 1972) but several factors are probably involved in the

overall determination of whether feedback from teeth will producechanges

in tooth contact relationships or jaw muscle activity.

Under certain

conditions, sensory feedback from the dentition may alter mandibular

movement patterns during chewing.

Conditions which favor feedback are

heavy forces, non-axial forces, lower receptor thresholds, short roots,
and central effects.

If the stimulus is mild, a response in movement

pattern may not occur innediately (Dubner et al., 1978).
Recently a considerable amount of attention has been applied to the
role of sensory input in the development of visual and motor skills in
animals and it has been suggested (Dubner et al., 1978) that studies
aimed at elucidating the role of oral-facial sensory information in the

development of mastication should be undertaken.

Input from occlusal

contact may influence other parts of the masticatory system and can result in the firing of receptors in muscles, ligaments and/or temperomandibular joint. Differences in root size, crown-root ratio, number of

occluding teeth and cuspal height may influence reflex mechanisms or
masticatory patterns (Dubner et al., 1978).

These differences are apparent

in comparison of deciduous, mixed, and permanent dentitions.

This study

was undertaken to compare the neurophysiologic responses to various
stimuli during these different stages of dental development.

Evidence

of varying neuromuscular patterns would represent differences in the

receptor systems or afferent pathways responsible for the elicitation
of the reflex activities.

Similarities in the neuromuscular patterns

would imply that the receptor systems, or the sum of the afferent information from the systems involved in these neuromuscular activities, are

unchanged by developmental changes of the dentition.

LITERATURE REVI EW
Introduction
Since 1917 (Sherrington), the reflex activity of the masticatory

musculature has been a frequent subject of investigative electromyographic research.

Few studies since that time have been directed toward

the de’elopmental aspects of reflex activities and those few studies
have been predominantly based on behavioral observations with some correlative neuroanatomy.

Though many of the reflexes studied may only

appear infrequently, if at all, during normal function, components of
them provide the substrate upon which more complex functions, i.e.,
mastication, are based (Dubner et al., 1978).
This chapter will introduce and discuss the motor and functional

properties of the neuromuscular system considered to be of significance
in the control of masticatory function.

Those reflexes which have been

implicated as having a primary or secondary influence on masticatory
activity, and the significance of the "silent period", often seen

during functional and reflex activities of the masticatory muscles, will

also be discussed.

Finally, future considerations in masticatory re-

search and the objectives of the present study will be discussed.

Receptors of the

M.ot.o.r _System

(Fig. 1

Skeletal muscle and other components of the motor system may contain

a variety of sense organs or receptors, such as muscle spindles, golgi
tendon organs, free nerve endings and Pacinian corpuscles (Brodal, 1969;

Dubner et al., 1978).

Through these receptors, sensory information can

be carried in muscle afferents for both perceptual and reflex functions.

Any discussion of reflex and functional activities of the jaw muscles
must, therefore, include a discussion of these receptors.

Muscle Spindles (Fig. 2)
The muscle spindle is usually considered to be a slowly adapting re-
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ceptor, responsive to stretch of the muscle in which it is located.

is usually considered to be a detector of muscle length (Dubner et al.,

1978).

The muscle spindle is a system containing intafusal fibers.

This

system is surrounded by extrafusal fibers (Brodal, 1969; Matthews, 1972;
Dubner et al., 1978; Harris and Griffin, 1975).

The intrafusal fibers

are specialized fibers in the center of the spindle. The spindle center
coincides with loss of fiber striations and is an area where groups of
nuclei, arranged in a chain or bag formation, can be found (Boyd,

1960).

The nuclear bag fibers contain several nuclei in the equatorial zone or

central bay while in the nuclear chain arrangement, the nuclei are arranged
in rows.

Surrounding the intrafusal fibers is a spindle-shaped connective tissue

capsule (Brodal, 1969). The intrafusal muscle fibers are attached at their
ends to this capsule but are separated along their length by a fluidfilled space.

Arranged in parallel, the intra- and extra-fusal fibers

are attached direct!y to the tendon by inelastic collagen fibers.

It is

possible that variations in the visco-eleastic properties of the intra-

fusal fibers account for their varying fnctional properties (Matthews, 1972).

Large and small myelinated fibers make up the afferent supply of
the spindle, Group la afferents terminating as primary endings, and

Group II afferents terminating as secondary endings.

In addition, the

muscle spindle’s intrafusal fibers receive motor innervation by gamma
efferents from the central nervous system, while the extrafusal fibers

are suppled by larger alpha efferents (Brodal, 1969; Dubner et al.,

1978).
The primary terminating helical endings (i.e., annulospiral endings)

of Group la afferents end in the central region of each spindle fiber
and are found in relation to both nuclear bag and nuclear chain fibers.

Secondary endings, terminating as spray or coil afferent endings, are

usually found in relation to nuclear chain fibers (Brodal, 1969; Matthews,
1964, 1972).
The primary endings have a faster conduction velocity than the sec-

ondary ones, are more sensitive to the dynamic component of a stretch
applied to a muscle and may provide information concerning the velocity

of the stretch; both types of endings, however, demonstrate a similar
sensitivity to the static or maintained phase of the stretch (Dubner et

al., 1978).

When a stretch is released (i.e., by contraction of the

muscle), there will be an abrup cessation in the primary ending discharge, while the secondary endings will show a progressive firing discharge.

Thus, primary endings increase their rate of discharge during

actual muscle stretch and cease their discharges during release of
stretch; secondary endings increase their rate of discharge during maintained stretch (Matthews,

1964).

Discharges from primary and secondary endings will be affected by

the gamma efferents.

These effects occur because of contraction of the

intrafusal fibers following gamma efferent (fusimotor) stimulation which

leads to stretching of the central and adjacent regions of the spindle
where primary and secondary afferents terminate (Eldred, 1965; Stein,
1974; Matthews, 1972; Dubner et al., 1978).
If the length of a muscle is increased by stretching, it is returned to its original length by monosynaptic reflex activation caused by
discharge of the spindle afferents.

Thus, a direct influence of muscle

length on muscle contraction is evident--i.e., spindle afferents

motoneurones

/

/

alpha

extrafusal fiber contraction (Eldred, 1965; Matthews, 1972;

Dubner et al., 1978).

Muscle length may also influence muscle contrac-

tion by an indirect path involving the influence of gamma efferents

(Dubner et al., 1978). This mechanis.would involve"
spindle afferents

/

alpha motoneurones

/

Gamma efferents

/

extrafusal fiber contraction.

This creates a "servo-control" mechanism, which adjusts or adapts con-

tractions initiated by m motoneurones by concomitant fusimotor feedback

(Matthews, 1972;

Stein, 1974; Mller,

1976).

This indirect pathway adds

precision, smoothness and versatility to the direct system (Dubner et al.,

1978). Although the command signal for a primary movement inv_olves alpha
motoneurones and their efferents, the spindles adjust the small errors
which occur between actual movement and the intended movement.

From

current research, it is not clear whether synchronous coactivation of
alpha and gamma efferents occurs or if gamma efferent influence occurs
first initiating the muscle contraction (Matsunami and Kubota, 1972;

Taylor, 1976; Dubner et al., 1978).
Though spindles in mandibular elevator muscles appear to have phys-

iologic and structural properties similar to those of spindles through-

out the body, the spindle afferents from mandibular elevator muscles and
other muscles innervated by cranial nerves may be unusual in that their

cell bodies are within the central nervous system rather than in the

spinal cord (Matthews, 1975).

The axons bypass the trigeminal ganglion

and enter the pons in the motor rather than the sensory root, their cell
bodies being found in the mesencephalic nucleus.

It has been shown that

myelinated fibers in the nerves of the masseter, temporalis and pterygoid

muscles will degenerate if there is damage to the trigeminal mesencephalic

tract (Corbin, 1940; Corbin and Harrison, 1940).

A lesion in the mesen-

cephalic tract will affect motor nerves (Szentagothai, 1948).

It is inter-

esting to note that pressure stimulation of teeth or the adjacent mucosa
and palate can stimulate some mesencephalic cells in mammals (Jerge,

1963)

but that the distribution of these cells in the mesencephalic nucleus is
different from the distribution of the jaw muscle afferents (Cody et al.,

1974; Taylor, 1976).

Though sometimes anatomically side by side, the

cell bedies from dental tissues and muscle spindles do not seem to have

any obvious interaction with each other (Hinrichsen, 1976).

The mesen-

cephalic nucleus contains cell fibers which innervate muscles on the same
side of the body, but there is some evidence that input from contralateral

muscles may also be received (Matthews, 1975).

How afferents reach the mesencephalic nucleus is not clear.

The

pathway is usually described as afferents passing into the brainstem by
the trigeminal

(V) motor root (Szentagothai, 1948), but

indirect evidence

has indicated that afferent fibers may also pass into the brainstem by the

sensory root of the trigeminal (Hinrichsen and Larramendi, 1969).

There is

greater uncertainty with regard to spindle afferent pathways in jaw opening
mus cl es.

If these pathways exist at all, which seems in doubt (Dubner et al.,

1978), they have not been demonstrated to pass through the trigeminal nucleus.
The mandibular elevators contain muscle spindles (Freimann, 1954;
Gill, 1971; Honee, 1966; Cooper, 1960; Karlsen, 1969) but their distribution and density may vary between the muscles, between different parts
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of the same muscle and between different animal species (Harris and
Griffin, 1975; Karlsson, 1976; Dubner et al.,

1978). The elevator muscles

contain many spindles, but with regard to the number of spindles and their

speed of contraction, these muscles should be considered as intermediate
between those of the larger limbs with relatively few spindles and those

of the fingers, with large numbers of spindles (Karlsson, 1976).
The distribution of muscle spindles in the jaw muscles is not as
randon as those in the limb muscles (Karlsson, 1976).

Although the

temporal is may have the largest total number of muscle spindles, their
density is greatest in the medial pterygoid muscle.

In the human mass-

eter muscle, the spindles have been found to be in greatest concentration in the deep head, and deeper portion of the superficial head,

whereas in the lateral pterygoid, the spindles appear to be most apparent
in the midportion

(Karlsson, 1976; Harris and Griffin, 1975).

The variation in the concentration of muscle spindles in different
locations of the elevators could imply a preferential use by the CNS of

afferent information from these areas (Karlsson, 1976).
tive information relayed by stimulation

The propriocep-

(stretch) of a muscle spindle to

the mesencephalic nucleus of the fifth nerve in the central nervous

system may be an important factor in control of occlusal position and
mandibular movements (Kawamura, 1974).

The reflex arc mediating the

stretch reflex is known to be monosynaptic--the monosynaptic proprioceptive jaw jerk reflex (Harrison and Corbin, 1942; Szentagothai, 1948).
This jaw closing reflex, or jaw jerk reflex, is considered to be the

most basic type of reflex in man.

It is usually induced experimentally

by taps to the chin while responses are recorded electromyographically.

Though this and other oral reflexes may only be seen infrequently, if at
all, in normal function, they are believed to form the foundation

II

upon which more complex functions of mastication, suckling, swallowing,
etc. are built (Dubner et al., 1978). However, studies have shown this
simple reflex can be modified by several factors including inputs from

oth.er orofacial areas (Hannam, 1972; Goldberg, 1972).
Tendon Organs
Tendon organs have been implicated in muscle protective reflexes and i n
autogenic inhibition (Dubner et al., 1978). According to Brodai (1969), these

receptors are structurally simpler than muscle spindles. These organs (golgi organs), consist of a group of branches from a large myelinated (Group

Ib) nerve fiber which usually terminates near the musculotendinous junction.

This termination occurs as a spray of fine endings between bundles

of collagenous tendon fibers. The tendon organs are usually covered by a
connective tissue capsule. One nerve fiber may supply numercus tendon organs.
While muscle spindles are arranged in parallel with the ordinary (ex-

trafusal muscle fibers), the tendon organs are arranged in series with
extrafusal muscle fibers such that if the muscle contracts or is stretched,
the tendon organ will also be stimulated by the resultant tension (Brodal,
1969; Karlsson, 1976). The tendon organs, which are considered to be slowly
adapting, do not show the cessation of discharge of the typical muscle

spindle afferents (Dubner et al., 1978).

The response to muscle con-

traction is believed by some to result from compression of the nerve

endings in the tendon organ due to straightening of the collagen bundles
during contraction (Karlsson, 1976), but there is additional evidence
that the preferred stimulus is active tension produced by contraction

(Houk and Henneman, 1967). The extrafusal fibers converge on the tendon organ which thereby concentrates their pull over a small area

Harris and Griffin, 1975). Since the tendon organ

is apparently in

series with the extrafusal muscle fibers, an adequate stimulus to cause
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the tendon organ to discharge could be contraction or stretch of the associated extrafusal muscle fibers (Brodal, 1969; Harris and Griffin, 1975).

By a polysynaptic pathway, the Golgi tendon organs inhibit the motoneurones of the muscle in which they are located (autogenic inhibition)
and facilitate the motoneurones of antagonistic and partially antagonistic muscles (Griffin and Harris, 1975; Granit, 1950; Laporte and Lloyd,

1952).

Impulses carried by Ib fibers from the tendon organ are a means

of centrally controlling reflex muscle contractions.

The precise role

of these central influences, however, cannot be stated with certainty
and could be more widespread than was previously believed (Karlsson,

1976; Dubner et al., 1978).
Golgi organs have been identified in the temporomandibular joint in

man (Thilander, 1961, 1964; Griffin et al., 1965) and in cats (Greenfield
and Wyke, 1966; Klineberg, 1971) but their existence in the masticatory

muscles has not been definitively demonstrated by either anatomic or
physiologic means (Karlsson, 1976; Matthews, 1975).

There are several

problems associated with the morphological identification of Golgi

organs (Karlsson, 1976).

Physiologic investigation has not provided

strong evidence for their existence in masticatory muscles (Dubner et al.,

1978).
EMG recordings of the monosynaptic stretch reflex arc of mandibular
muscles shows that under certain conditions activity is followed by an
inhibitory or silent period.

According to Kawamura (1974) this phenom-

enon is produced by a sudden increase in muscle tension.

When a muscle

contracts, the tendon organ will be under tension and will fire, but the
muscle spindle will not unless gamma efferents also contract.

Thus, the

Golgi tendon organ has been hypothetically associated with this silent

period (Kawamura, 1974).
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It has been postulated (Jerge, 1963; Kawamura, 1974) that successive
mandibular and occlusal movements of the mandible occur through alterna-

ting reflex mechanisms.

Mandibular elevators are stretched forcefully

once the jaw opens and a jaw jerk reflex follows.

Once the teeth occlude,

the mandibular elevators contract, the tension in the elevators is increased by isometric muscle contraction; the Golgi tendon organs fire in
the muscle.

The activated tendon receptors then send impulses to the

trigemina! motornucleus which inhibits the activity of that elevator
muscle (Kawamura, 1974).

Mlier (1974, 1976) has also suggested that tendon organs are necessary for the inhibition of elevators and for the closing movement during
natural conditions.

Since there is a correlation between the time of

maximal activity in the anterior temporal is and the onset of activity in

the digastric, Mller (1966) believed that afferent activity from tendon

organs would increase with tension until simultaneous inhibition of the
temporal muscle and facilitation of the digastric occurs (M611er, 1974,

1976). Mller’s conclusion was based on Golgi tendon effects demonstrated at the spinal level; however, as stated previously, the functional
importance of these receptors in the orofaciai region has not been demon-

strated clearly.

Other factors must, therefore, be considered as influ-

ences signalling the termination of jaw closure activity (Dubner et al.,

1978). There is evidence which indicates that a central pattern generator
may control the cyclic pattern of mastication instead of alternating re-

flex activities (Lund, 1976 a, b; Matthews, 1975; Sessle, 1976; Dubner

et al., 1978).

Whether or not the cyclical movements of chewing are de-

termi ned .s ol ely by some types of neural clock in the brinstems, peripheral

input is likely to provide some feedback which plays a art in control of

the muscles (Matthews, 1975).
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Mucosal and TMJ Receptors
Control of masticatory movement might also depend on specialized re-

ceptors in the mucosa, the temporomandibular joint and periodontal liga-

ment.

There have been several descriptions of the presence of nerve

endings in the oral mucous membrane, including the gingiva, but no sys-

tematic studies of their physiologic properties have been made (Matthews,

1975).

It has been reported in a limited number of references using re-

cordings from peripheral nerves that some cells in the mesencephalic

nucleus respond to palatal pressure.

Also, responses to mechanical stim-

ulation of other intraoral sites have been recorded in main and spinal

trigeminal nuclei (Jerge, 1963; Matthews, 1975).

Histologic examination

has demonstrated nerve endings in the oral mucosa, gingiva and hard pa-

late which might possibly be mechanoreceptors (Chouchkov, 1972) and
physiologic studies (Yu et al., 1973; Thexton, 1973) have demonstrated
reflex activity following lip, mucosal and palatal stimulation.
The receptors in the temporomandibular joint are generally similar

to the nerve endings in other joints (Greenfield and Wyke, 1966).

AI-

though there is this apparent similarity in receptors, the temporomandib-

ular joint is unique in that it I) both rotates and translates during
jaw movements, and

2) that the mandible is a single bone in which the

integration of input from two joints is necessary (Dubner et al., 1978).

It would be difficult to assume that all of the afferent and efferent
mechanisms of other joints apply to the TMj.

The spinal and supra-spinal

mechanisms involved in human locomotion generally require opposing pat-

terns of muscle action (e.g., right leg versus left in walking), whereas
in mastication and swallowing, bilateral synergistic muscle patterns are

usually required (Dubner et al., 1978).

Most mammalian temporomandibular joints contain three types of
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receptors"

(I) unencapsulated spray-type nerve endings, called Ruffini--

like receptors when located in joint capsules or Golgi-tendon ogans

when located in ligaments; (2) thinly and thickly encapsulated Pacinian-like corpuscles, and

(3) free nerve endings (Storey, 1976).

Receptors in

the human TMJ ae predominantly free nerve endings, present in large numbers throughout the joint capsule (Thilander, 1961).

hile no nerve end-

ings are found in the synovial fluid or meniscus, the receptor densities

are greatest in the lateral and posterior parts of the joint capsule which
is innervated by the auriculotemporal nerve (Storey, 1976).

Knowledge of the TMJ afferent system is derived from electrophysiologic studies.

Studies of this afferent system using degeneration tech-

niques have not been done (Dubner et al., 1978).

The electrophysiologic

experiments have shown that thinly encapsulated receptor units contribute

the most important afferent control to jaw movement; discharging spon-

taneously when the jaw is at rest and increasing this rate of discharge
with jaw movement (Kawamura et al., 1967; Klineberg et al., 1970; Kline-

berg, 1971; Harris and Griffin, 1975).

Very little is known regarding

the properties and functions of the different TMJ receptors but it is

clear that they play an important role in proprioception of mandibular
position as do joint receptors elsewhere in the body (Thilander, 1961;

Matthews, 1972).

This ability to monitor jaw position can be reduced by

individual variation (e.g., severe malocclusion with decreased vertical

dimension) (Ransjo and Thilander, 1963).
The receptors within the temporomandibular joint can also trigger

reflexes which come into play during extreme opening movements and pro-

tect the joint from damage (Storey, 1976).

Although the receptors in the

joints are not thought to monitor stresses carried by the bony elements,

it is possible that joint afferents are sensitive to muscle tension; this
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may allow joint and muscle receptors to form a complementary afferent sys-

tem rather than independent afferent systems (Skoglund, 1973; Sorey, 1976).
Pain sensation in the TMJ may inhibit condylar movements at a con-

scious and unconscious level

(Kawamura, 1974). At an unconscious level,

information concerning the position and movement of the TMJ are transmitted

to the bulbar and spinal trigeminal sensory nuclear complexes; from these,
impulses may go to the trigeminal motor nucleus, inhibiting the motor neurons
of the mandibular elevators (Kawamura, 1974). It has been suggested that

TMJ receptors can monitor mandibular position and movement. Thilander (1961)
noted that subjects with one or both temporomandibular joints anesthetized
had a diminished ability to duplicate various mandibular positions. This
inability to monitor mandibular position or movement was not demonstrated
following unilateral and bilateral inferior alveolar nerve blocks.

The

functional roles of the TMJ receptors, which have been identified is speculative, since the central projections of these receptors have not been delineated (Dubner et al.,

1978). It is possible that TMJ receptors provide a

conditioned stimulus for learned reflexes initiated from other receptor

(Storey, 1973, 1976). Since further information is needed to clarify

sites

jaw muscle and TMJ receptor information, it may be best to consider muscles

and joints as contributing complimentary kinesthetic inputs (Dubner et al.,

1978).
A jaw opening reflex can be evoked from structures innervated by the
auricular branch of the auriculotemporal nerve and other.smaller branches

innervating the TMJ (Shwaluk, 1971; Kawamura, 1974; Klineberg, 1971). There
is also evidence for a jaw closing reflex produced by stimulation of the

nerve supplying the joint (Klineberg, 1971). According to Storey (1976), if
the TMJ has the capacity to initiate both jaw opening and closing reflexes, a

possible mechanism exists for the peripheral initiation of cyclic jaw moveme_nts as proposed previously

(Jerge, 1963).
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Periodontal Receptors

Just as the muscles, mucosa, and TMJ contain mechanoreceptors, the
periodontal tissues also contain mechanoreceptors.

These periodontal

mechanoreceptors respond to forces applied to the teeth and afferent

impulses have been recorded in fibers dissected from dental nerves

(Anderson et al., 1970; Matthews, 1975).
Mechanosensitive nerve endings with a variety of morphological

characteristics exist in gingival tissues, periodontium and periosteum

(Hannam, 1976). The response characteristics of dental mechanoreceptors
do not seem dependent on these morphological features but rather on the
spatial arrangement of the receptors in the periodontal tissues

1970).

(Hannam,

These mechanoreceptors may also have the capability of influen-

cing jaw muscle activity

(Hannam, 1969 a, b).

Both large ans small diameter nerve fibers have been described in

the periodontal ligament (Anderson et al., 1970).

Nerve fibers enter

the periodontium through the base of the tooth socket and as these
fibers run gingivally, other fibers enter the periodontal ligament

through the alveolar socket, join them, and then divide into apically
and gingivally directed bundles (Dubner et al., 1978; Lewinsky and

Stewart, 1937).

Larger fibers are myelinated while the smaller fibers

are either myelinated or unmyelinated.

The manner in which the nerve

fibers are either myelinated or unmyelinated is not clear (Anderson et

al., 1970).

Recordings of the way the fiber, terminates seem to have

been biased by the location of the samples analyzed in the different
studies (Dubner et al.,

1978).

Most workers have suggested the smaller fibers end within the ligament as small arborizations and are concerned with pain (Anderson et al.,

1970). The descriptions for the larger fibers, believed to be concerned
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with touch sensation, have been quite variable (Anderson et al., 1970;

Dubner et al., 1978).

Periodontal ligament receptors in man have been

described as knoblike, tightly coiled knobs, elongate and spindle-like,
meissner-like, irregularly branched and variable

(Anderson et al., 1970).

Though the manner in which nerve fibers terminate is not clear, the
tendency for slowly adapting mechanoreceptors

(see below) to have lower

mechanical stimulation thresholds than rapidly adapting mechanoreceptors
has suggested morphologic, functional and/or location differences for

these receptors
Pfaffmann,

(Hannam et

al., 1969; Hannam, 1976; Dubner et al., 1978;

1939).

Physiologically, varying types of periodontal mechanoreceptors
have been described"

I) spontaneously and slowly discharging receptors,

2) rapidly adapting mechanoreceptors and 3) receptors in phase with ECG
(Harris, 1975).

The relationship of the structures described histologi-

cally and anatomically to their physiologic properties, however, is not
good and it is not possible to assign a role to these receptors in jawreflex patterns (Dubner et al., 1978).

Slowly adapting units maintain a spontaneous discharge of impulses
in the absence of overt stimulation to the teeth and will fire through-

out stimulation (Anderson et al., 1970; Hannam, 1969; Pfaffmann, 1939).
These spontaneously active units also show a post stimulus depression or

silent period in their discharge when the force applied to the tooth is

removed (Hannam, 1969, 1970).

This silent period may be due to receptor

hyperpolarization similar to that which occurs in other mechanoreceptors

(Hannam, 1969; Anderson et al., 1970). The duration of this silent
period is directly related to the magnitude and the rates of application
and removal of the stimulus and to the duration of the force on the teeth

while being inversely related to spontaneous discharge rate (Hannam, 1969).
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It is unclear whether spontaneous discharges from periodontal mechanoreceptive neurons are a result of an environmental feature or whether

they are an inherent property of the receptors (Ha.nnam, 1976)..
Studies have shown a single fiber can respond to mechanical stimu-

lation of one tooth or can respond to the stimulation of up to three
adjacent teeth

(Hannam, 1970). These findings suggest either a mechan-

ical coupling effect between teeth or that some afferents divide and

supply adjacent and possibly more remote teeth (Dubner et al.,

Hannam, 1970).
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The cell bodies of first order, peripheral periodontal

neurons are located in two areas:

the trigeminal (Gasserian) ganglion

and the mesencephalic nucleus of the trigeminal nerve (Hannam, 1976).

It is, therefore, evident that the cells of the mesencephalic nucleus
receive sensory input from peripheral processes innervating spindles in

the mandibular elevator muscles and also periodontal receptors (Matthews,

1975).
Periodontal mechanoreceptors contribute to touch and pressure sensation on the teeth although they are not the only receptors on which

these sensations depend (Anderson et al., 1970).

Periodontal neurons,

which have their cell bodies located in the trigeminal mesencephalic

nucleus, may be involved in excitatory and inhibitory reflex activity
of the masticatory muscles (Hannam, 1976) and periodontal mechanorecep-

tors may also function in the processes which discriminate size, shape,
texture, and hardness .of foodstuffs and foreign bodies placed in the
mouth (Dubner et al., 1978).

It is therefore evident that the inter-

action of receptors in the periodontium, TMj, mucosa and masticatory

muscles are of great importance in the consideration of occlusion, mastication, swallowing, speech habits and protective reflexes as they re-

late to normal and pathologic function of the oral facial complex.
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Masicatory Muscle Reflex Activities (Fig. I) (Fig. 3)
There are a variety of reflex effects which can be elicited from

the masticatory muscles of experimental animals ad many of these reflexes
have also been demonstrated in human subjects.

The reflexes which can

be elicited provide informatien concerning the connections between the

afferent and efferent pathways involved in control of the masticatory

muscles but provide only limited direct information as to the mechanisms
of control of normal masticatory function (Matthews, 1976).

The Jaw Jerk Reflex (Jaw Closing Reflex)
The jaw jerk can be elicited in human subjects by a tap to the chin.
The principle response to the resulting downward movement of the mandible
is a reflex contraction of closing muscles (Matthews, 1976).

This is

usually recorded from the masseter muscle electromyographically and has
been shown to be monosynaptic by Szentagothai (1948).
The tap to the chin is believed to stretch the jaw-closing muscula-

ture and cause activation of muscle spindle afferents.

The jaw closing

reflex results from the monosynaptic connections of these spindle affer-

ents with alpha motoneurones in the trigeminal motor nucleus (Dubner et
al., 1978).

The jaw-jerk response, similar in nature to the knee-jerk

reflex, constitutes what has been termed the phasic component of the
stretch reflex.

However, the reflex may not be solely mediated by

muscle afferents if we consider that the usual methods of el iciting jaw
jerks may cause the stimulus to spread to other receptor sites and to

other excitatory pathways (Dubner et al., 1978).

Several influences have been shown to modify the jaw closing reflex

(Hannam, 1972; Goldberg, 1972).

If the jaw jerk is repeated during vol-

untary contraction of the subject’s elevator muscles, the reflex activation
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of the masseter is increased in magnitude (Matthews, 1975).

However,

following this period of reflex activation, the muscle does not return

to its previous level of activity (Matthews, 1975, 1976), but goes
through a period of inactivity, a "silent period".

It is interesting to

note that if the teeth are clenched together, the Silent period is still
present but the jaw jerk is absent or depressed (Hulfschmidt and Spu,ler,
1962; Goldberg, 1972).

However, a brief increase in activity has some-

times been observed to precede the silent period (Goldberg, 1972; Hannam

et alo, 1969; Sessle and Schmitt, 1972).
Several investigators have implicated the periodontal receptors in
this period of inhibition whether this is elicited by tapping the chin,

tapping a tooth or by the subject tapping his/her teeth together (Ahlgren,

1967, 1969; Beaudreau et al., 1969; Bessette et al., 1971; Brenman et al.,
1968; Goldberg, 1971; Griffin and Munro, 1969; Hannam and Matthews, 1969;

Munro and Basmajian, 1971; Munro and Griffin, 1970; Sessle and Schmitt,
1972; Schaerer et al., 1967).

The importance of periodontal afferent

effects in the el icitation of the silent period should not be overstressed
since stimulation of other sites may induce inhibitory periods in the

elevator muscles (Matthews.and Yemm, 1970; Matthews, 1975; Dubner et al.,

1978).
Jaw Opening Reflex
The jaw opening reflex, sometimes referred to as the l inguo-mandibu-

lar reflex, is the first reflex seen in the orofacial region during
human development (Humphrey, 1970,

1972).

It can be seen at 8.5 weeks

(menstrual age) and can be evoked by perioral stimulus (Humphrey, 1970).
Sherrington (1917) demonstrated this reflex, in a decerebrate cat,
using gingival, palatal and dental stimulation.

Blunt pressure and
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electrical stimulation to these tissues elicited an opening movement
which was followed by closure (Sherrington, 1917).

The reflex has been

shown to be unilateral (Sherrington, 1917; Kawamura and Fujimota, 1958)
and does not appear to be caused by indirect stimulation of gingival re-

ceptors (Hannam and Matthews, 1969; Matthews, 1975).
The effects of tapping a maxillary tooth in a decerebrate cat are

complex and have not yet been fully analyzed (Matthews, 1975).

Under

varying conditions, jaw opening, with subsequent "rebound" jaw closing,

and simple jaw closing reflexes can be evoked (Matthews, 1975).

Since

it is possible for muscle spindles to be stimulated by vibrations trans-

mitted through bone (Matthews, P.B.C., 1972; Matthews, B., 1975), it is
difficult to say whether periodontal fibers cause direct excitation of

motoneurones and a true jaw-closing (jaw-jerk) reflex or whether rebound
jaw closing is occurring in response to jaw opening

(Matthews, 1975).

In man, the jaw opening reflex was first noted by Hoffmann and

Tonnes (1948).

The activation of digastric or infra-hyoid muscles

often seen in animal experiments (Sherrington, 1917; Hannam and Matthews,

1969) has not been noticed in man (Matthews, 1972, 1975; Yemm, 1972)
although there may be slight opening of the mandible resulting from inhibited elevator activity and gravity

(Matthews, 1975; Yemm, 1972).

It

has been assumed (Munro, 1975) that the opening reflex operates to pro-

tect the masticatory apparatus by regulating the force and rhythm of
chewing, since it can be elicited by activating either mechanoreceptors

or nociceptors (Dubner et al., 1978).
Electrical stimulation, sometimes to painful levels of intensity,
of a subject’s mucous membrane produces no recordable response in the
jaw muscles when elevator and depressor muscles are relaxed

1975, 1976).

(Matthes,

Such stimulation of the mucous membrane over the root of a
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tooth will demonstrate the same result (Goldberg, 1971).

However, when

stimuli are applied to a variety of intraoral sites with concomitant

voluntary contraction of the mandibular elevators, there is usually a
variable latency period followed by a reduction of the background muscle
activity for a variable period of time (Bratzlavsky, 1972; Matthews,

1975, 1976; Yemm, 1972; Yu et al., 1973).
Mechanical stimulation has a similar effect to electrical stimulation (Matthews,

1976) with a variable period of inhibition seen after

variable latencies (Beaudreau et al., 1969; Goldberg, 1971; Hannam et

al., 1969; Sessle and Schmitt, 1972; Widmalm, 1976).

It has also been

noted that the silent period may be preceded by a brief increase in
activity (Goldberg, 1971; Hannam et al., 1969; Sessle and Schmitt,

1972)

described as the "periodontal-masseteric" reflex (Goldberg, 1971).
Evidence supporting the involvement of periodontal receptors in the
jaw opening reflex has been presented by several authors

(Hannam and

Matthews, 1969; Beaudreau et al., 1969; Munro and Basmajian, 1971;

Bessette et al., 1971, 1974; Goldberg, 1971; Sessle

an

Schmitt,

1972).

Several other authors, however, have indicated that other receptors may
be involved (Matthews and Yemm, 1970; Hannam et al., 1970).

Unloading Reflex (Fig. 4)

A rapid closing movement during contraction of the elevator muscles
produces an unloading reflex (Hannam et al., 1968).

This reflex consists

of a rapid inhibition of the agonists and activation of the antagonists

(Hannam et al., 1968). The unloading reflex has been demonstrated in
limb muscles (Angel et al., 1965) and in the jaw elevator muscles

(Hannam et al., 1968; Beaudreau et al., 1969). When a person is biting
on a hard object or brittle food placed between the teeth and the
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substance suddenly fractures, it is unusual for the muscle contraction

to continue to such an extent as to cause damage to the tooth or pain
to the individual (Dubner et al., 1978).

Human EMG study has shown that the masseter and temporalis muscles
become electrically inactive approximately 20 msec. after the moment the
jaw closing muscles are unloaded

(Hannam et al., 1968). This depression

of jaw closing muscle activity may reduce or prevent tooth contact and
possible damage (Dubner et al., 1978).

This silent period of the man-

dibular elevators is often followed, 50 msec. later, by a sudden return

to activity (Beaudreau et al., 1969; Hannam et al., 1968).

The response

is essentially the same regardless of the separation of the jaws, or the

force applied prior to unloading (Hannam et al., 1968).

It is believed that the inhibition seen results from the inhibition
of the muscle spindle afferents of the contracting muscle (Matthews,

1975).

This would cause a decrease in elevator -motoneurones excita-

tion and possibly the removal of inhibition from the depressor -moto-

neurones, if reciprocal innervation is involved (Matthews, 1975).

How-

ever, Angel et al., 1973, have shown that influences from muscle affer-

ents of the antagonist muscle are not necessary to produce inhibition in

I imb muscles.
Though a definitive description cannot be given of all of the

processes which contribute to the unloading reflex (Dubner et al., 1978),
several receptors may be involved (Hannam et al., 1968; Gill, 1970;

Lamarre and Lund, 1975).

What can be said is that the unloading reflex

of masticatory muscles reflects depression of jaw closing muscle activity and may be aided by activation of the digastric and synergistic jaw

opening muscles (Dubner et al., 1978).

Effect of Tooth Contacts on Muscle Activity

Ahlgren (1966, 1967, 1969) first reported inhibition of elevator

muscles noted as a "silent period" on EMG, corresponding to intercuspal
tooth contact occurring at the occlusal phase of the masticatory cycle.
Schaerer et al. (1967) investigated the function of tooth contacts in
the neuromuscular mechanisms of chewing.

When the jaws close and maxil-

lary and mandibular teeth come into contact, a reflex change occurs in
the mandibular elevators (Matthews, 1975, 1976) which appears to be

similar to those changes in muscle activity which follow stimulation of

an upper tooth (Brenman et al., 1968; Beaudreau et al., 1969; Hannam et
al., 1969; Munro and Griffin, 1970; Gillings and Klineberg, 1975; Sessle

and Schmitt, 1972).

These changes in muscle activity have also been de-

scribed after tooth contact during mastication (Ahlgren, 1966, 1967,

1969; Anderson et al., 1970; Hannam et al., 1969).
The reflex changes seen following tooth-to-tooth contact first

appear as a transient activation which is followed by a silent period
and this in turn is sometimes followed by additional phases of increased
or decreased activity (Matthews, 1975, 1976).

The neuronal pathways of

the effect of tooth contact have not been well established (Ahlgren,

1969; Munro, 1975; Matthews, 1975) but periodontal receptors have often
been implicated in its origin (Ahlgren, 1967, 1969; Beaudreau et al.,

1969; Bessette et al., 1971; Brennan et al., 1968; Goldberg, 1971;

Munro and Basmajian, 1971; Munro and Griffin, 1970; Griffin and Munro,
1969; Hannam and Matthews, 1969; Schaerer et al., 1967; Sessle and
Schmitt,

1972). Morphological descriptions of end-organs found in the

periodontium have supported this assumption and also support the belief
that periodontal receptors

control mastication (Corbin, 1940; Jerge,

1964; Kawamura, 1964; Hannam and Matthews, 1969).

Morphologically
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these end organs appear to function as mechanoreceptors and thus regulate
tooth sensitivity to pressure (Van der Spenkle, 1936; Pfaffmann, 1939;

Jerge, 1963).
Descriptions of similar silent periods in dentulous and edentulous
subjects does not support the proposition that the silent period in ele-

vator EMG following tooth contact is solely due to stimulation of periodontal mechanoreceptors (Matthews and Yemm, 1970). The period of inhibition may be due to mucosal receptors

(Matthews, 1975) or perhaps to the

excitation of muscle spindles (Hannam et al., 1970). Spindles can be
stimulated by vibrations transmitted through bone or alternatively by

rebound of the mandible after tooth contact (Hannam et al., 1970).
Several EMG investigations of the jaw opening reflex have utilized
the open-close-clench cycle in which a subject is instructed to open and

close their mouth forcefully and rhythmically, to occlude on the molar
teeth and then to clench the teeth together tightly for a short time

(Munro, 1975).

Although this is an artificial maneuver, it does provide

consistent records and enables easier investigation of both the jaw

opening reflex and of normal and abnormal TMJ function (Brenman et al.,

1968; Beaudreau et al., 1969; Griffin and Munro, 1971; Munro, 1972, 1975;

McNamara, 1976; Hannam et al., 1970; Goldberg, 1971; Sessle and Schmitt,
1972; Gillings and Klineberg, 1975; Widmalm and Hedegard, 1976; Yaeger

et al., 1978).
with certainty.

The origins of these effects have not been established

Though they are partly due to periodontal mechanorecep-

tors, receptors in muscles and joints may be involved too (Matthews,

1976).

No other movement of the body terminates with contact between

two hard surfaces.

Tooth contact makes masticatory and O-C-C movements

unique; the final stages of closure are restricted by the shape and hard-

ness of the tooth cusps

(Anderson, 1976).
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The Implications of the Silent Period in Mastication Research
The Silent Period
The first report of a silent period in electromyographic
in humans was by Hoffman

recording

(1920) who explained this observation as a cen-

tral refractoriness of the motor neurones due to a superimposed reflex
twitch on the contraction of a muscle (McNamara et al., 1977).

Electromyography has been used in dental research to study human
masticatory muscles since the 1940’s (Moyers,

1949). However, it was

not until the 1960’s that a silent period was described in studies of
human masticatory muscles (Ahlgren, 1967, 1969;Schaereret al., 1967;

Brenman et al

1968; Hannam et al

1968

et al., 1969; Griffin and Munro, 1969).

196c

a

b c)

1970; Beaudreau

The significance of the silent

period in normal chewing and in the pathology of the masticatory system

has been the subject of considerable investigative research (Bailey et

al., 1977 (a,b); Bessette et al., 1971, 1973, 1974; Bratzlavsky, 1972;
Gillings, 1974; Gillings and Klineberg, 1975; Goldberg, 1971, 1972;

Griffin and Munro, 1977; McCall et al., 1977, 1978; McNamara et al.,

1977, Matthews and Yemm, 1972; Munro, 1972; Owall and Mller, 1975;

Sessle and Schmitt, 1972; Widmalm, 1976; Yaeger et al., 1978; Yu et al.,

1973).
A period of muscle silence, which appears as an absolute or relative decrease in muscle activity during a period of sustained contrac-

tion (Fig.

3), can be produced in contracting masticatory muscles when

mechanical, electrical, or acoustic stimuli are applied to the teeth,

mandible, facial bones and/or perioral structures (Gillings and Klineberg,

1973). The silent period can also be seen following tooth-to-tooth contact part’icularly when teeth are tapped together (Brenman et al., 1968;

Hannam et al.,

1970).

This period of inhibition of the masticatory
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muscles has been attributed to activation of receptors in the periodontium, the facial musculature, the oral mucosa, the facial skin, the ten-

dons, and the temporomandibular joint (Matthews, 1975, 1976; Harri.s and
Griffin, 1975; Dubner et al., 1978).

Pressure receptors in the periodontium and/or oral mucosa have been
implicated as initiators of the afferent impulses involved in the electromyographic silent period by several authors (Ahlgren, 1967, 1969; Beaudreau

et al., 1969; Bessette et al., 1971; Brenman et al., 1968; Goldberg,
1971; Hannam and Matthews, 1969; Griffin and Munro, 1970; Schaerer et al.,

1967; Sessle and Schmitt, 1972).

End organs found in the periodontium

are believed to function as mechanoreceptors regulating tooth sensitivity
to pressure (Van der Spenkle, 1936; Pfaffmann, 1939; Jerge, 1963) and
controlling mastication (Corbin, 1940; Jerge, 1964;

Hannam and Matthews, 1969).

Kawamura

!964;

Recordings in edentulous and dentulous sb-

jects, however, do not support the theory that the silent period in ele-

vator muscles, following tooth contact, is due solely to the simulation
of periodontal mechanoreceptors (Matthews and Yemm, 1970).
The silent period may be due to the excitation of muscle spindles,

which could be stimulated by vibrations transmitted via bone or by re-

bound of the mandible following tooth contact (Hannam et al., 1970),
but golgi tendon organs, TMJ and mucosai receptors have also been impli-

cated.

It has been suggested that under physiologic conditions period-

dontal receptors will only.produce reflex jaw opening or silent periods
when forces on the teeth reach damaging or potentially damaging levels

(Anderson et al., 1970).

This hypothesis, however, does not account for

those silent periods seen during normal chewing (Ahlgren, 1966, 1967,

1969).
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Investigation of Afferent Mechanisms

Ahlgren (1966, 1967, 1969) was the first to report a silent period
in an elevator muscle at the time of intercuspal contact.

Ahlgren (1969)

felt that there were two possible sources of this inhibitory period;
that which occurs either from a reciprocal inhibition associated with

the jaw opening reflex, or from inhibition by golgi tendon organs in the
eloevator muscles.
The jaw opening reflex is a protective flexion reflex which can be
elicited in closing muscles by stimulation of pressure receptors in the

periodontal ligament, palate, and mucosa (Sherrington, 1917; Jerge, 1964;

Kawamura, 1967; Hannam and Matthews, 1969).

The reflex may be the result

of reciprocal innervation of antagonistic muscles (Sessle, 1977).

Ahlgren

(1967, 1969) considered the silent period to be a protective response to
initial tooth contact.

The close relationship between the silent period

and initiation of the occlusal phase seemed to indicate that periodontal

receptors were operating in this response (Ahlgren, 1967, 1969).

(969) reasoned that the short duration of

Ahlgren

this "occlusal silent period"

compared to the prolonged inhibitory periods found in autogenic inhibition (i.e., inhibition from golgi tendon organs) seemed to implicate

intraoral pressure receptors as the source of feedback.

The golgi

organs discharge in direct proportion to the amount of tension developed
in the muscle (Granit,

1955), while in the

jaw closing muscles, the

silent periods appear before peak tension is reached (Ahlgren and Owall,

1970).

It was thus concluded that the jaw opening reflex was more likely

to be responsible for the silent period seen as a response to tooth

contact (Ahlgren, 1969).
Schaerer et al. (1967) investigated the role of tooth contacts in

the neuromuscular mechanisms of chewing.

Their objective was to see if
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tooth contacts elicited specific EMG responses in the contraction pattern
Habitual and occlusal balancing inter-

of certain masticatory muscles.

ference contacts were monitored with radiotransmitters mounted in prosthetic devices while simultaneous muscle activity was recorded electro-

myographically.

Variations in occlusal contacts and the influences of

these variations on EMG activity were studied.

Reflex mechanisms deter-

mning mastication were shown to be primarily affected by when tooth

contact occurred and not where and in what mandibular relationship it
occurred (Schaerer et al., 1967).

These reflex mechanisms were initia-

ted provided a pressure-sensitive proprioceptive response could be
demonstrated by tooth contact.

These responses probably exist in the

periodontium (Schaefer et al., 1967).

Muscle reaction to deflective occlusal interference contacts was
found to be identical to the muscle response to any type of tooth con-

tact (Schaerer et al., 1967) and was characterized by a silent period.

It was therefore postulated that the underlying neuromuscular mechanism
of mastication can avoid the possible damaging effects of deflective

occlusal contacts through a highly sensitive self-protective muscular

response, i.e., a pause in muscle contraction (Schaerer et al., 1967).
The authors also believed that the nociceptive character of these re-

sponses could help prevent tissue damage.
Schaerer et al. (1967) considered tooth contacts to be a part of the

reflex mechanisms controlling mandibular movements and muscular contraction.

In addition, they noted that only during empty tapping movements

did EMG activity of all muscles outlast the onset of centric occlusion

tooth contact.

During mastication, EMG activity ceases in the muscles on

the chewing side prior to or at the moment of centric occlusion contact.

A possible difference between experimental and natural tooth contact was
therefore noted (Schaerer et al., 1967).
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A temporal relationship between tooth contact and the silent period
was found bilaterally in the masseter and temporalis muscles by Brenman
et al. (1968).

This study suggested that the afferent receptors of the

periodontal ligament have an attenuating influence on the efferent motor
activity to the elevating muscles of mastication.

These investigators

did not speculate on the type of afferent receptors responsible for this

attenuating influence.

Early anatomical studies of the periodontal ligament described the

presence of structures similar to golgi tendon organs (Lewinsky and
Stewart, 1936).

Beaudreau et al. (1969) believed pressure on a tooth to

be the primary activating stimulus which gives rise to the afferent im-

pulses involved in the elicitation of motor pauses in the masticatory
muscles.

They studied the effect of the presumed activation of the perio-

dontal ligament organs on the tonic activity of the muscles of mastication
by the use of intramuscular electrodes inserted into the anterior digastric, masseter, anterio and posterior temporalis, trapezius, sternomas-

toid and biceps brachii muscles.

The study examined I) the effects of

brisk jaw closure into tooth contact and rubber damps, 2) the effect of

stimulation induced by a tap to an individual tooth (canine); the tap

was delivered with a light-weight rod in lateral and axial directions
during maintained tonic activity with the tooth anesthetized and nonanesthetized, and

3) reactions of the muscles to unloading.

In each individual studied by Beaudreau et al. (1969), a distinct
and discrete motor pause was seen following the tooth contact resulting
from brisk jaw closure.

muscle activity,

Rapid jaw opening would eliminate the return of

it was also noted that this pause was restricted to the

masticatory muscles since no silent period was noted in the tonically

active biceps or neck muscles following tooth stimulation (Beaudreau
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et al., 1969).

The interposition of rubber damps to prevent tooth con-

tact from occurring abolished the occurrence of the motor pause (Beaudreau
et al., 1969).

In addition, these authors noted a bilateral occurrence

of a motor pause following unilateral mechanical tooth stimulation during
sustained jaw clenching as the jaw was held in an opened or closed po-

sition.
Beaudreau and co-workers concluded the response to tooth contact
served as a protective response since it was not seen when the soft

rubber damps were placed between the teeth.

These investigators believed

it reasonable to presume the receptors involved in the response are Io-

cated in the periodontal ligament and that these receptors are morpho-

logically similar to the golgi tendon organs described earlier by
Lewinsky and Stewart (1936).

These receptors would appear, therefore,

to serve a similar function in masticatory muscles to that performed by
golgi tendon organs in somatic muscles (Beaudreau et al., 1969).
Griffin and Munro

vator muscles.

(1969) also demonstrated the silent period in ele-

Examining these muscles during a forcible open-close-

clench (O-C-C) cycle, these researchers felt that the cessation of
activity should be interpreted as a positive stopping (i.e., nervous

inhibition induced reflexly or cortically) rather than a passive mechanical stopping.

This conclusion was based on the observation that the

latent period after tooth contact shows no reduction of muscle activity
and that the silent period has an abrupt beginning and ending.

If passive

mechanical resistance from tooth contact was responsible, the transition
into and out of the inhibitory period would be gradual and minor repetitions of passive inactivity would be evident due to a rebound phenomena.

These conclusions were qualified by stating that absolute proof of re-

flex inhibition would necessitate a demonstration that cessation of
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activity is not produced following sectioning of the afferent pathways

(Griffin and Munro, 1969).
Griffin and Munro

(1969) also implicated

the periodontal receptors

as being the structures primarily involved in the inhibitory period seen
in the masticatory muscles (mandibular elevators) during the O-C-C cycle.

However, they suggested stimuli from other receptors (e.g., golgi tendon

organs) may be involved, or possible excitation of antagonistic muscles,
although evidence for the latter is lacking (Dubner et al., 1978).
The belief that tooth contact induces inhibition of the mandibular

elevators could be supported by evidence showing that stimulation of
periodontal receptors inhibits some of the motoneurones of jaw closing

muscles located in the trigeminal motor nucleus (Kawamura, 1967).

The

presence of digastric activity during elevator inhibition noted by
Griffin and Munro

(1969) supports their contention that periodontal and

oral receptors are responsible for the reflex activity.

Animal studies

have shown that reflex contraction of digastric muscles cannot be elici-

ted after sectioning the periodontal afferent pathways (Sherrington,

1917).
A proposed neural pathway for the reflex activity evoked during an
O-C-C cycle involves an afferent pathway from periodontal receptors
through the superior and inferior dental branches of the maxillary and
mandibular divisions of the trigeminal nerve.

This reflex mechanism was

also assumed to be protective in nature and a regulatorof masticatory
force and rhythm (Griffin and Munro, 1969).

Hannam et al. (1969) also studied alterations in elevator muscle
activity by investigating those activities common to both chewing and
tapping teeth together.

In all subjects

the masseter muscle

following

tooth tapping showed a brief period of inhibition which was followed by
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a return to activity (Hannam et al., 1969).

The transient inhibition of

muscle activity lasted 10-20 msec. after a latency of approximately 12

msec. following ooth contact.

This reflex inhibition corresponded with

the silent period noted previously by Brenman et al. (1968) during tooth

tapping and Ahlgren (1967, 1969) during chewing.

Unlike Schaerer et al.

(1967), the findings of Hannam et al. (1969) suggested a reflex response
to tooth contact which was similar in both chewing and tapping.

Changes

in masseter activity following tooth contact during chewing were not as

great as those following tooth tapping, but followed a similar pattern

(Hannam et al. 1969).
Following the inhibitory period, muscle activity returned but was

of variable duration and magnitude and was possibly dependent on what

movements the subject made after tooth contact rather than being a reflex response (Hannam et al., 1969).

The failure to return to activity

following rapid jaw opening had been noted to sometimes occur in another

study (Beaudreau et al., 1969) and was found to occur in this study

(Hannam et al., 1969).
The possibility that reflex inhibition of masseter muscle activity

resulted from periodontal mechanoreceptors had been suggested by Ahlgren

(1967, 1969) and Brenman et al. (1968).

Although Hannam et al. (1969)

noted similar findings, a subsequent study by the same group (Hannam et

al., 1970) suggested that periodontal receptors were not solely responsi-

ble for the reflex response.
tooth, Hannam et al.

Using mechanical stimulation of a single

(1970) observed that the results obtained were

similar to those obtained in tooth tapping experiments and in tooth

contact during chewing.

This finding greatly simplified the study of

the role of periodontal receptors in reflex muscle activity since anes-

thetization of a single tooth was possible.

Following single tooth
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local anesthesia, the reflex inhibition of the masseter muscle was not
abolished though the inhibition was of shorter duration.

This suggested

periodontal mechanoreceptors were not solely responsible for the inhibi

ton but do ay a art

n

t.

n

ncreased activation of the muscle,

before the inhibition, was also noted and this appeared to correspond to
the masseter muscle activity seen following jaw jerks (Hannam et al.,

1970).
Thus, Hannam et al.

(1970) indicated the inhibition of activity in

the masseter muscle, following tooth contact, is preceded by a brief re-

flex activation of the muscle which presumably results from stimulation
of muscle spindles.

Responses following tooth taps, it was concluded,

were produced by vibrations transmitted through bones since striking the
forehead resulted in a similar response.

The fact that muscle spindles

are sensitive to vibration (Matthews and Stein, 1969; Matthews, 1972)

seem to support this proposal.
The evidence presented by Hannam et al. in 1969 and 1970 indicated
that periodontal receptors did not seem to play a major role in producing

reflex changes in the elevator muscle activity following tooth contact.
Their conclusions further stated that the periodontal receptors are not
involved in the reflex mechanisms operating in cyclic jaw movements
during chewing though it was suggested that input from the periodontium

may be used at higher levels of the CNS in overall control of mastication.

Further evidence suggesting stimulation of receptors other than the

periodontal mechanoreceptors are responsible for the occurrence of the
silent period came from observations of edentulous subjects (Matthews

and Yemm, 1970).

A silent period was detectable, in subjects wearing

full upper and lower dentures, after tooth contact during tapping
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movements.

This response was influenced by the manner in which the

tapping was performed as noted previously for dentate subjects (Beaudreau

et al., 1969; Hannam et al., 1969, 1970).

The findings of Matthews and

Yemm (1970) supported the proposition that the silent period in elevator
muscle activity was due to receptors in the mucosa or in the muscles
themselves.
Continued research of the inhibitory period, utilizing intramuscular

electrodes, has demonstrated the synchrony of the silent period which

occurs during the open-close-clench cycles (Munro and Basmajian, 1971).
This study also analyzed the activity of the digastric muscles during

the time of elevator muscle inactivity.

In 87% of the digastric traces,

some type of activity, a localized burst (62%) or continuous activity

(25%) was demonstrated during the inhibitory phase of
muscles.

the elevator

Munro and Basmajian (1971) anticipated that this EMG pattern

would be associated with either reflex opening of the jaw or, if the
time interval is too short, for detectable opening, with a consequent

reduction in the occlusal pressure between the opposing teeth of the
mandible and maxilla.

In comparing their findings with the results of

previous investigators: Munro and Basmajian (1971) concluded that the
periodontium was the primary stimulus giving rise to the silent period.

Citing I) the close relationship of the elevator muscle inhibitory
period to the time of initial tooth contact, 2) the production of in-

hibition by striking-individual maxillary teeth and 3) the abolition of
this inhibition by local anesthetic injection, these investigators im-

plicated the periodontal ligament as the site where the responsible end

organs are located.

Evidence by Kawamura

(1967) showing that stimula-

tion of the periodontal receptors inhibits some of the motoneurones of

the jaw closing muscles in the trigeminal motor nucleus, supports the
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contentions of Munro and Basmajian (1971).
The monosynaptic jaw jerk (eviewed previously in this paper and by

Matthews, 1975; Dubner et al., 1978) can be elic-ited by striking the mandible in its postural rest position.

This tap to the mandible produces

a slight displacement of the jaw which will stretch the masseter and
other mandibular elevators and excite the muscle spindles.

If the man-

dible is tapped while the teeth are clenched together, the elevators will

show a response of increased EMG amplitude followed by a silent period.

The period of inhibition is similar to the silent period seen after

tooth taps and tooth-to- tooth contacts.

The neural pathway described

for the jaw jerk reflex has been studied (Corbin and Harrison, 1940;

Cooper et al., 1953; Jerge, 1963) and the knowledge obtained has been
utilized in studies and speculation concerning normal and abnormal masti catory functi on.

Bessette et al. (1971, 1974) found that patients with TMJ symptoms,
when compared to normal subjects, had a longer silent period following

el icitation of the clenched jaw jerk.

These findings suggested a per-

sistent source of either active inhibition or a disfacilitation of the

masseteric motoneurone pool.

Additional findings demonstrating the

gradual abolition of the jaw jerk silent period following sequential
anesthesia of four quadrants led Bessette et al. (1974) to conclude
that sensory impulses from the periodontal receptors provide a major

source of inhibitory information contributing to the appearance of a
silent period.

Periodontal receptors, by their inhibitory influence on

the masseteric motoneurones, protect the teeth from undue forces during

mastication and tooth clenching (Bessette et al., 1974).

Hufschmidt and Spuler (1962) described an inhibitory period following monosynaptic reflexes as well as after direct muscular stimulation
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and define this silent period as an autogenic inhibition arising from
the muscle.

The inhibitory period following jaw jerk was attributed to

excitation of tendon organ afferentswhich pass through the Gasserian

ganglion (Hufschmidt and Spuler, 1962).
by Bratzlavsky

These findings were disputed

(1972) who felt that the bilateral

inhibition, which

Hufschmidt and Spuler (1962) claimed resulted from golgi organs, may

actually have resulted from spread of the stimulus to facial and intraoral cutaneous fibers.

Uncertainties regarding the existence of golgi

organs in the muscles of the orofacial region (Dubner et al., 1978)
cast further doubt on the findings of Hufschmidt and Spuler (1962).
Goldberg, in 1971, undertook further study of the effects of periodontal receptors on elevator muscle activity.
with earlier studies, including

Citing several problems

I) the fact that elevator muscles were

in isotonic contraction and that control of mandibular velocity and

muscle activity, before tooth contact, was not possible (Griffin and

Munro, 1969; Hannam et al., 1969 Munro and Griffin, 1970) and 2) the
potential existence of golgi tendon activation in masticatory muscles

(Hufschmidt and Spuler, 1962), Goldberg carefully stabilized the mandible such that the masticatory muscles could be maintained in isometric
contraction and not isotonic contraction.

Following a tap to the chin

with the subject in the sitting position, a synchronous excitatory re-

sponse preceding the inhibitory period was noted (Goldberg, 1971).

The

inhibitory period was similar to that described after tooth contact

(Ahlgren, 1967, 1969; Griffin and Munro, 1970; Schaerer et al., 1967).
Following local anesthesia, the excitatory reflex and the length of the
inhibitory period which followed a tooth tap (induced, not tooth-to-

tooth) were sharply reduced, while reflexes usually evoked by electrical
stimulation of the gingiva were blocked.

The effectiveness of the
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anesthesia in blocking the response argued against muscle receptors as

the initiators of the reflex (Goldberg, 1971).

Speculating on the pathways involved in the excitatory reflex re-

sponse, or ’;periodontal masseteric reflex", Goldberg noted two possible
afferent pathways.

In the first pathway, cell bodies of primary affer-

ents are located in the semi lunar ganglion (Beaudreau and Jerge, 1968)
while in the second pathway, the cell bodies are in the mesencephalic

nucleus (Corbin and Harrison, 1940; Jerge, 1963).

It was hypothesized

that impulses in primary afferent fibers from periodontal and gingival

receptors induce action potentials in cell bodies of neighboring muscle
spindle afferents in the mesencephalic nucleus and then make monosynaptic
excitatory contact with masseteric motoneurones (Goldberg, 1971).

This

hypothesis was based on anatomic and physiologic studies which noted
that cell bodies of gingival, periodontal, and muscle spindle afferents

are located in the mesencephalic nucleus (Corbin, 1940; Corbin and
Harrison, 1940; Szentogathai, 1948) and additional evidence that some

of these cell bodies might be electrically coupled (Hinrichsen and
Larramendi, 1968, 1970; Hinrichsen,

1970).

The short latency period of

the periodontal-masseteric reflex indicated a direct neuronal pathway

was involved (Goldberg, 1971).
Sessle and Schmitt (1972) reinvestigated the possible role of perio-

dontal fibers in jaw muscle inhibition "using a more quantitative approach
and a controlled means of tooth stimulation".

Hannam et al. (1969) and

Goldberg (1971) had noted reduction or incomplete abolition of masticatory muscle silent periods following stimulation to a tooth anesthetized
by local anesthetic infiltration, but Sessle and Schmitt (1972) noted

complete abolition of this silent period.

These findings were noted in

seven of nine subjects and the authors thus implicated receptors in or
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around the tooth as primarily responsible for the silent period.

That

previous studies had failed to fully implicate periodontal receptors in

tooth evoked .inhibition of muscle activity, was thought to be due to the

irreproducible methods of tooth stimulation utilized in these earlier
studies (Sessle and Schmitt, 1972).

Apart from the inhibitory period produced by tooth stimulation,
another finding of interest was the occurrence of increased muscle activity preceding the inhibition (Sessle and Schmitt, 1972).

This increase

in activity was apparently similar to the excitation response noted pre-

viously by Goidberg (1971).

In no subject studied by Sessle and Schmitt (1972) was there clear
evidence of an inhibitory period produced by forehead stimulation.

This

finding was in conflict with earlier findings (Hannam et al., 1970)
which had noted inhibitory periods under this situation.

The lack of

response to forehead stimulation again argued against the role of muscle
spindles in this response.
The inhibitory period noted by Sessle and Schmitt (1972) almost

always occurred bilaterally regardless of the side of the tooth stimulated.

Stimulation of the right central incisor produced bilateral in-

hibitory periods but the latency was shorter for the right masseter than

for the left (Sessle and Schmitt,

1972). This finding suggested that

the pathway from the incisor to the contralateral motoneurones innervating the masseter muscle may involve an additional interneurone.

Influences of Input Parameters and Muscle Activity
Changes in reflex responses or functional activity following variation of input parameters, i.e., O-C-C tooth contact, mechanical tooth

taps, or instructions, ha.ve been noted in several studies (Beaudreau
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et al., 1969; Hannam et al., 1969, 1977; Goldberg, 1971; Sessle and
Schmitt, 1972; Gillings and Klineberg, 1975; McNamara et al., 1977;

Owall and Mller, 1975; Rugh, 1972; Widmalm and Hedegard II, 1976; Yaeger
et al., 1978; Yemm, 1971, 1972; Yu et al., 1973).

Differences in re-

sponse have also been noted in cases of suspected and known temporomandibular joint dysfunction (Bailey et al., 1977; Bessette et al., 1971, 1974;

Brenman et ai.,1968; Griffin and Munro, 1971; Munro, 1972, 1975, McNamara,
1976; Widmalm, 1976; Widmalm and Hedegard, 1976).

Reflex responses may,

therefore, be of value in the differentiation of pathologic from normal
conditions.

The ability of subjects to actually eliminate the activity follow-

ing a silent period with rapid jaw opening following occlusa! contact
has been noted earlier (Beaudreau et al., 1969; Hannam et al., 1969).

This finding suggests that part of the silent period response may be

dependent on the movement the subject makes after tooth contact rather
than being entirely due to a reflex response (Hannam et al., 1969).

The

return to muscle activity could be influenced by the instructions given
to the subject participating in the study, just as reflex responses
might be modified by the voluntary effort of the subject

(Hannam et al.,

1969).
Changes in muscle activity contribute to many cases of mandibular
dysfunction (Dubner et al., 1978).

The changes may be enhanced by

psychological influences (Yemm, 1971, 1976; Rugh and Solberg, 1976).
There is also a variable effect of jaw position on the excitability of
the monosynaptic stretch reflex and the autogenic inhibitory reflex

(Goldberg, 1972).

The intensity of innocuous and noxious stimulation

of facial and intraoral sites and the level of muscle activity main-

tained by a subject have been found to influence the incidence and
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duration of the inhibitory periods (Yu et al., 1973).

Similarly, iso-

metric muscle forces exerted by the mandibular elevators have also been

noted to influence the inhibitory period during clenched jaw jerks

(McNamara et al., 1977; Yaeger et al., 1978).

However, the influences

of several input parameters, i.e., the muscle used for recording, the
position of the tap in a sequence of taps, the bite force, the angle of

tap and the amount of jaw opening, were investigated in one study by
Bailey et al. (1977) and were not found to influence the duration of

the silent period.
There are, therefore, contrasting opinions concerning the validity

of using EMG recordings as a diagnostic or research tool (Bessette et

al., 1971; Bailey et al., 1977; Brenman, 1968; Goldberg, 1971, 1972;

Sessle and Schmitt, 1972; Widmalm, 1976).

It has recently been noted

that caution may be necessary when evaluating O-C-C cycles performed at
various rates (Yaeger et al., 1978).

Earlier reports noted that the

duration of inhibition was directly proportional to the duration of the
period of muscle contraction

(DMC) preceding tooth contact (Ahlgren,

1969" Munro and Griffin, 1970).

Recent evidence, however, has not sup-

ported this proportional relationship between DMC and latency in O-C-C
cycles (Widmalm and Hedegard, 1977; Yaeger et al., 1978) but have suggested that the duration of the inactive and clench components of O-C-C
cycles appear to be strongly dependent upon the total length of the

cycle (Yaeger et al., 1978).

Elevator muscle inhibition has been noted

to be similar with both O-C-C tooth contacts and mechanical stimulation

(Hannam et al., 1970) but this does not mean that the neuronal mechanisms
involved are similar for each type of stimulation.
Silent Periods and Masticatory Function

The studies of Ahlgren (1966, 1969) and Schaerer et al. (1967)
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noted the occurrence of a silent period during masticatory strokes and
correlated this inhibition of motor activity with tooth contact during
mastication.

Subsequent studies placed considerable importance on tooth

contact in the regulation of chewing and/or attempted to study the mechanisms behind the motor pauses (Bailey et al., 1977; Brenman et al.,

1968; Ahlgren, 1969; Ahlgren and Owall, 1969; Beaudreau et al., 1969;

Goldberg, 1971, 1972; Gillings and Klineberg, 1975; Griffin and Munro,

1969, 1971; Hannam et al., 1969, 1970; Matthews and Yemm, 1970; Munro
and Basmajian, 1971; Munro and Griffin, 1970; Sessle and Schmitt, 1972;

Yemm, 1971; Yaeger et al., 1978).

From previous discussion, it is

apparent that the mechanism most frequently presented in the literature
to account for the silent period is the initiation of inhibitory reflexes
through stimulation of periodontal receptors.

This reflex mechanism, in

turn. h..s some influence on resultant masticatory muscle patterns, but

to what extent, if any, these patterns can be modified by alterations in
occlusions continues to be investigated (Schaerer et al., 1966, 1967;

De Boever, 1969; Dreschler et al., 1973; Hannam et al., 1977).

Probably

a large number of factors are involved in determining whether feedback
from teeth will produce changes in tooth contact relationships or jaw

muscle activity.

Some of the factors which have been considered by

Dubner et al. (1978) are force magnitude, force direction, threshold of

receptors, root size, period of repetitive contact, chewing side and
other effects.

Input from occlusal contact may influence other parts of the masticatory system and could result in firing of receptors in the muscles,
ligaments and/or temporomandibular joint.

This firing may then initiate

reflexes which modify jaw movement directly or indirectly (Dubner et al.,

1978).

Variations in the excitability of these reflexes with modification
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of jaw position (Goldberg, 1972) and alterations in the threshold for
interdental size detection, between chewing and static conditions (Owall

and Mller, 1974) have been demonstrated.

In studies evaluating occlusal tactility, in dentulous and edentulous subjects, Owall and Miler (1974) showed that information from
periodontal sensory receptors are of lesser importance during chewing

(active conditions) than during biting (static conditions) and this
finding led them to conclude that the silent periods seen in masticatory

muscle electromyography have a clear relationship to mechanical stimulation of the dental arches but a lesser relationship to afferent input

from periodontal receptors (Owall and Mller, 1974).

Utilizing a series

of tests during different experimental situations, Owall and Mller (1974)

postulated that the silent periods seen during biting and chewing are of

two different origins.

Inhibition during tooth tapping and biting on

hard particles, they believed, is caused by tendon and muscle stretching resulting from the mechanical stoppage of jaw movement while inhibition during the crushing of a brittle bolus has a different origin and
is probably a form of the unloading reflex occurring before tooth con-

tact.

They placed little importance on periodontal receptors for initia-

tion of either type of motor inhibition (Owall and Mller,

1974).

To

further complicate the picture, it is believed that receptor afferents

can be modified by inhibitory and facilitory effects from higher centers

(Dubner et al., 1978).
Future Cons i derati ons
The majority of the work discussed to date has been in adults or

adolescents but Moyers (1949) hypothesized that feedback from occlusal

contacts in the mixed dentition may influence the development of masticatory movements in children.

Citing prior findings by Greenberger, in
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1966, that a lower tactile threshold exists for teeth with incompletely

formed roots than for teeth with completely formed roots,

Dubner et al.

(1978), suggested that the less favorable crown/root ratio of the

in-

completely formed teeth may result in an increase in forces applied to
the periodontium.

These increased forces could result in a greater po-

tential for feedback regulation of jaw contact position (Dubner et al.,

1978) and would support the idea of the importance of occlusal feedback
in regulating mandibular movements during the mixed dentition period

(Moyers, 1949).
Studies have shown the activity of the masticatory muscles is modified in patients with unilateral crossbite (Troelstrup and Mller, 1970;

Ingervall and Thilander, 1975) and it has been suggested that these differences are based on the sensory experience of tooth contact, e.g.,
during chewing and swallowing (Troelstrup and Mller, 1970).

Recently,

it has been found that disturbances in the occlusion and neuromuscular

system caused by certain orthodontic procedures are reflected by significant increases in electromyographic silent periods (Felli and McCall,

1979).
Since the occlusal anatomy, the root formation, the crown-root
ratio, the quantity and size of the teeth will vary as the dentition

develops through the deciduous and mixed stages to the permanent dentition, additional research is needed to determine if the neural feedback

from the developing dentition and occlusion differs from that observed
in the adult dentition.
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S um.ma, ry

From the preceding review of the receptors in the motor system, the
masticatory muscle reflex activities, and the silent period, it is appar-

ent that there is an abundance of information concerning the existence,
elicitation, timing and significance of masticatory muscle reflex ac-

The information is sometimes confusing, conflicting, or over-

tivities.

lapping.
This investigation was undertaken for the purpose of reducing some

of the confusion of the previous studies by isolating an important experimental variable-

dentitional status.

This was done by studying

reflex patterns in selected masticatory muscles of children representing
distinct stages of dentitional development.

of this study is"

The main working hypothesis

the receptor systems responsible for elicitation of

selected reflex activities will result in equivalent neuromuscular activity patterns during the deciduous (Group I), mixed (Group II), and

permanent (Group III) dentitional stages; or, Group I
Group III.

Group II

Evidence of varying neuromuscular patterns would represent

differences in the receptor systems responsible for the elicitation of

the reflexes.
The specific Null Hypotheses of this study can be stated as"

I)

there are no statistically significant differences among chil-

dren with deciduous, mixed or permanent dentitions in the neuromuscular
activity patterns of open-close-clench cycles (duration of muscle contraction, latency, or silent period).

2)

Ho-

Group I

Group II

Group III

there are no statistically significant differences among chil-

dren with deciduous, mixed or permanent dentitions in the neuromuscular

activity patterns of clenched jaw jerks (latency and silent period dura-

tions).

Ho"

Group I

Group II

Group III
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3)

there are no statistically significant differences among chil-

dren with deciduous, mixed or permanent dentitions in the frequency of
silent period occurrence during the chewing of peanuts or gum.

Group I

4)

Group II

Ho-

Group III

there is no statistically significant differences between the

right and left components of a muscle group in the neuromuscular activity

patterns of open-close-clench cycles across subject groups (duration of
muscle contraction, latency, or silent period).

5)

Ho"

right

left

there are no statistically significant differences among the

durations of the silent periods that occur for O-C-C cycles, clenched
jaw jerks, gum chewing, and peanut chewing.

gum chewing

O-C-C

clenched jaw jerks

peanut chewing

The next chapter will discuss the methods and materials utilized
examine and compare selected parameters of individual muscle activity

through elicitation and manifestation of the reflexes which occur in the

mas t i ca tory mus c es.
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METHODS AND MATERIALS

Measurement of Muscle Activ.ity-Electr.omyography
Muscle Architecture and Muscle Contraction
This chapter will briefly review the principles and techniques of

The methods and materials of the pre-

electromyographic investigation.

sent study will then be described.
The membrane of a resting muscle fiber, like the membrane of a
resting neurone, is polarized.

A stimulatory transmitter substance re-

leased by a nerve axon at the neuromuscular junction causes a reduction
of this polarization.
potential.

The depolarization generates the muscle action

When an impulse reaches the myoneural junction or motor end-

plate, a propagated action potential or a wave of contraction spreads

over the muscle fiber resulting in a brief twitch followed by a rapid and
complete recovery or repolarization (Basmajian, 1973; Lenman and Ritchie,

1969).

During this twitch and recovery, a small electrical potential

with a variable duration is generated and subsequently dissipated into

the surrounding tissues (Basmajian, 1973).

A muscle cell or muscle fiber is the structural unit of contraction (Basmajian, 1973).

A motor unit: a motoneuron with its axon and

the muscle fibers it supplies, is considered to be the functional unit
of the locomotor apparatus.

The motor unit represents the functional

unit of striated muscle (Basmajian, 1973; Brodal, 1969; Lenman and

Ritchie, 1969).

An impulse descending the motoneurone will cause the muscle fiber
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in one motor unit to contract almost simultaneously (Basmajian, 1973).

Therefore, it is believed that motor units are activated by an all or none

phenomenon and generally assumed tha an action potential recorded from a

normal muscle indicates the activation of some or all of its motor units.
Electromyography (EMG) records the electrical changes in muscle fibers
during contraction.

This recording of the action potentials accompanying

muscle contractions can be used as an indirect measure of the contractile

state of superficially located muscle groups.

During voluntary muscle

activity in healthy subjects, the recorded action potentials of the dif-

ferent muscles studied may appear to vary.

It is likely hat this varia-

tion depends on the number, of fibers which comprise the motor units of

the muscles observed and the size of muscle in question.

For muscles

of mastication, the innervation ratio, the ratio of muscle fibers to
innervating nerve fibers falls between the ratio of those muscles in-

volved in the control of fine, delicate movements and adjustments (i.e.,
eyeball and pharynx) and those muscles involved in coarser movements

(i.e., limb muscles) (Dubner et al., 1978).
Ritchie

According to Lenman and

(1969), the innervation ratio may influence the observed EMG

activity since the mean action potential duration is shorter in muscles
with a low innervation ratio.

When healthy muscle is relaxed completely, no electrical activity
is evident on an EMG record apart from the occasional background activity

(noise) of the amplifying system.

With weak voluntary contraction,

motor unit action potentials can be seen and these potentials may be

clearly separated from one another so their duration, amplitude and
shape can be distinguished (Fig. 5).

A contraction is increased by

more frequent firing of the active units and by recruitment of new units,
causing the action potentials to interfere and summate (M611er, 1974).
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During a strong voluntary contraction, it becomes impossible to determine
the individual characteristics of the motor unit potentials because these

potentials become superimposed.

This condition is called an interference

pattern (Fig. 5c).
Recording Techniques
The choice of electrodes for EMG recording represent a compromise

(Mller, 1969).

The electrical activity of a muscle can be recorded

from its surface or from within the body of the muscle.

When it is not

necessary to study the character of the individual motor unit potentials,
surface electrodes can be used to record the electrical activity associated with muscle contraction, unless deep muscles and/or overlapping

muscles are being studied.

Surface electromyography can provide an in-

dication of the activity pattern of the whole muscle.

Though surface

EMG is simple and painless, it does have limitations"

the large record-

ing field may include electrical discharges from adjacent muscles (Mller,

1968) and surface electromyography does not accurately record the potentials from deeply located muscles (i.e.: pterygoids).

Though intramus-

cular electrodes will allow examination of individual motor units or
study of deeper muscles, they may cause discomfort and interfere with

natural movements.

In addition, intramuscular electrodes may sometimes

have a limited detection range which allows for the localization of the

potentials but may not give a precise account of overall muscle function.

A pediatric electromyographic examination depends on the full cooperation
of the patient, who must be able to contract and relax his/her muscles
in a controlled manner at the request of the examiner; this degree of

cooperation is not always reached when the examination is one that in-

cludes insertidn of needle electrodes (Lenman and Ritchie, 1969).

As
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this study was intended to obtain normative and descriptive data, surface electrodes were chosen.

Surface electrodes, usually made of silver, gold, or stainless
steel, are placed on the skin overlying superficial muscles to record
the action potentials.

Utilizing a bipolar recording technique, these

electrodes are placed in pairs over a muscle so the potential difference
between them can be recorded.

Electrical contact is enhanced by the use

of an electrode jelly or paste, while adhesive tape is used to secure
the electrodes and maintain their contact.

Prior to the placement of

the surface electrodes, the superficial layer of skin is thoroughly

cleansed to decrease the electrical resistance which can result from
dry, dead skin or surface oils.

Once electrodes are placed, they function in combination with amplifiers and additional parts of the recording system.

The electrical

changes detected by the electrodes represent potential differences in
the microvolt range, which must be amplified before they can be displayed

and/or analyzed.

Following amplification, the EMG signal can be dis-

played on an oscilloscope or played through a loudspeaker.

The signal

can also be preserved photographically or as an auditory record.

Of

special convenience, though, is the storage of data on magnetic tape.

Storage on magnetic tape allows collected data to be stored permanently
for subsequent and repeated analysis.

Data Collection
Recording Instrumentation (Fig. 6
The EMG data for this study were recorded on a portable fourteen

channel instrumentation tape recorder (Honeywell 5600).

This recorder

contains nine (9) FM channels and five (5) direct channels, including
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a microphone channel.

All input channels could be monitored by oscillo-

scope or loudspeaker.

Electromyographic data were collected bilaterally

from the anterior temporalis, posterior temporalis and masseter muscles

(jaw elevators), and from the suprahyoid group (jaw depressors) (see section on

Bipolar surface electrodes (Grass E.5 Silver Disc

Electrodes).

Electrodes) were used while one pre-gelled ECG (adult size, silver-silver
chloride Hewlitt Packard) electrode placed on the forehead was used as

a ground electrode.

Electrodes were connected directly to a preampli-

fier.

Amplified data signals were recorded in FM mode on one inch magnetic instrumentation tape (Scotch magnetic tape, 3-M) utilizing the

fourteen channel instrumentation recorder discussed previously.

The

audio signal from the microphone was passed through the distribution

amplifier and recorded on an edge track of the instrumentation tape in

direct mode.

One channel on the instrumentation tape was used to record

time reference signals.

One signal was a (3200 Hz) pulse train for pre-

cision timing; the other, a (50 Hz) pulse train counted down from it.

A numerical code in octal format was incremented and superimposed, once
per second on the 50 Hz train (this is done by modification of individual
pulses by the system).

The timing and code channel were used to facili-

rate subsequent identification and processing of the data.

A visual record of the EMG and code data was obtained by playing
the tape into a twelve channel optical oscillograph (Honeywell visicord-

er).

This visual record on photosensitive paper (Kodak linagraph direct

print paper) was used to verify that valid signals were present on each

channel while the imprinted octal timing code enabled the experimenter

to locate data.
records.

Measurements of the data were made from the visicorder

Electrodes and Electrode Placement (Fig. 7)
The recording surface electrodes used in this study were silver
disc electrodes.

A bipolar method of recording was utilized.

With all

subjects sitting upright, with head supported but not restrained, elec-

trodes were bilaterally placed over anterior and posterior portions of

the temporal is muscles and over the masseter muscles.

One pair of elec-

trodes was placed over the depressor (suprahyoid) group.

A large self-

adhering ground electrode was placed in the center of the forehead just

belew the hair line.
The electrodes placed over the anterior part of the temporalis were
applied in the area behind the temporal line and above the zygoma.

With

the subject clenching, this location was palpated to find the thickest
portion of the muscle.

This area is convenient in that it is situated

in front of the hair line.

The posterior temporalis electrodes were

placed at or just above the level of the helix of the auricle.

Masseter

electrodes were placed over the middle of the superficial portion of the

masseter between the angle of the mandible and the zygomatic arch.

Supra-

hyoid (depressor group) electrodes were placed, anteriorly-posteriorly,

between the right and left inferior borders of the mandible.

The elec-

trode pairs were placed so that a line drawn between the two would closely

parallel the direction of the fibers.

apart.

Electrodes were placed 15 to 30 mm

The electrodes were fixed to the subject with adhesive surgical

tape (Micropore 3-M, St. Paul, Minn.) after the area of placement had
been rubbed vigorously with an alcohol swab.

Electrode paste (Redux

Creme, Hewlett-Packard, Waltham, Mass.) was applied via syringe through
the hole in the electrode surface to assure electrode contact.

All EMG

channels were checked, amplifier gains adjusted and a 300 mv calibration
signal placed on the recording tape prior to the experimental run.
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Detection of Tooth Contact and Mallet Impact
The recording of the sounds produced by occlusion of teeth or the

visual display of these sounds can be utilized as a diagnostic tool

(Brenman, 1974). The impact of the opposing teeth against each other
produces a sound which can be picked up via bone conduction through a
microphone held in contact with the forehead of the subject (Watt, 1967;

Brenman, 1966, 1974).

It must be noted that the sounds of occlusal contacts or the visual
displays of them do not contain direct information about tooth morphology,

degree or afferent stimulation of oral and perioral receptors, or the
coordination of mandibular muscle activity (Brenman, 1974).

However,

the time of tooth contact as recorded by microphone has been a great
investigative value as a reference point in several studies (Brenman et

al., 1968; Gillings and Klineberg, 1975; Hannam et al., 1969; Griffin
and Munro, 1969; Widmalm, 1976; Yaeger et al., 1978; Matthews and Yemm,

1970).
In this study, a microphone (Electro-Voice RE-IO Dynamic Cardioid,
Electro Voices, Inc., Buchanan, Mich.) was held in contact with the

forehead of the subject, adjacent to the ground electrode.

The micro-

phone was held in place during O-C-C cycles, elicitation of jaw jerks
and during chewing exercises.

The microphone provided a direct voice

input into the instrumentation recorder while providing a record of

tooth contact and mallet impact occurrence (Fig. 9, I0).
Subjects

Twenty-four children divided into three groups were subjects in
this study.

Experimental procedures (see below) were explained to

accompanying parent(s) and the subjects.

from the accompanying parent.

Written consent was obtained

Before an experimental run, subjects
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demonstrated ability and desire to perform all functional exercises or
movements to be examined and experienced the procedure necessary to
elicit a jaw jerk.

Each child had an unremarkable medical history as determined

through an interview with the parent.

No subject exhibited clinical or

historical signs of TMJ dysfunction or history of orthodontic treatment.

Each of the three groups of children represented a complete clinical

stage of dental development--deciduous, mixed, and permanent (except
third molars).

Dental criteria for the three groups included (Fig. 8)-

I.

Primary Dentition

Eight subjects

-Posterior segments complete with intact natural or restored
interproximal surfaces.
-Anterior segments with either primary teeth present or erupting
permanent teeth which are not in contact during any mandibular

movements.
-Posterior restorations al lowed if not interfering with functional
mo veme n ts.

-No stainless steel crowns present.

-No crossbite relationships present.
-Primary upper and lower second molars must have flush terminal
planes or mesial step relation.

-Class I (Angle) canine relationships present.

-No apparent deviation of mandible during opening or closing.
-Facial profile compatible with a Class I dentition.

2.

Mixed Dentition

Eight Subjects

-First permanent molars in occlusion bilaterally.

-Permanent maxi lary central incisors and all mandibular incisors erupted.

-No crossbite relationships present.
-No stainless steel crown restorations present.
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-No restorations which interfere with functional movements.

(Angle) or cusp to cusp molar relationship present
-Class
wi th Class
canine relationship.
-No apparent deviation of the mandible during opening or closing.
-Facial profile compatible with Class I dentition.

3.

Early Permanent Dentition

Eight Subjects

-All permanent teeth (except third molars) erupted and in
occlusion.

-No crossbite relationships present.
-Class I molar and canine relationships (Angle).

-No apparent deviation of the mandible during opening or
closing.
-Facial profile compatible with Class I.

Experimental Exercises
Continuous recordings of muscle activity were obtained, as the subjects were seated upright in a grounded dental chair, of the following

activities"

open-close-clench cycles ad lib, right side gum chewing,

left side gum chewing, right lateral movement, left lateral movement,
protrusion, retrusion, jaw jerk clenched, and jaw jerk relaxed.

The

recording sessions lasted 45-80 minutes (including electrode placement)

and the listed activities were performed in a specific sequence for each
subject (Appendix

Experimental Paradigm).

In the open-close-clench cycles, the subjects were instructed to
open their mouth wide, close their mouth forcefully so that their teeth

would make noise on contact, hold their teeth tightly together, open
and repeat.

This exercise was repeated ten times at three different

occasions during the recording session making a total of 30 records of

the O-C-C cycle per subject.
The clenched jaw jerk was elicited during sustained clenching
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activity as the child sat with eyes closed and plane of ;cclusion parallel

to the floor.

To confirm sustained muscle activity, the right masseter

muscle was monitored by auditory feedback through the loudspeaker.
The chin was tapped briskly, downward and backward, using a rubber

stopper mounted on a wooden stick.

This parameter was elicited at three

different occasions during the recording session (five, five,

two).

Gum chewing recordings were monitored after the subject had freely
chewed to soften the piece and continued for approximately twenty seconds.

Peanut chews were monitored from the onset of muscle activity, following
placement of the peanut in the subject’s mouth, to the time swallowing
occurred.

Measurement Procedures
General Procedures
The open-close-clench (O-C-C) cycles, clenched jaw jerks (chin taps),

and chewing data were analyzed as hard copy data from visicerder paper

run through the optical oscilloscope at a speed of 200 mm/second, one
millimeter being equivalent to 5 msec.

Once hard copy data had been

marked with a fine ballpoint pen on an adapted draftsman’s table, millisecond measurements were made utilizing a computer (PDP-8), digitizing
tablet and curser with 5x magnifier and crossbar target (Summagraphic

Co.). Measurements were made to within 1.25 msec. (+_ .6 msec.).

For

every subject, a list of each measured parameter was obtained which
contained the individual measurements and their corresponding octal

code reference point, the total number of individual measurements, the

mean and standard deviation.

This information was transferred to appro-

priate data cards for statistical analyses.
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O-C-C Cycles (Fig. 9
The left margin of the initial deflection of the microphone ciannel

represented the initial tooth contact and served as the main reference
point for evaluation of the O-C-C cycle.

A perpendicular line was drawn

from this point of initial tooth contact through the lines representing

EMG channels (line a).

The duration of muscle contraction

(DMC) prior

to tooth contact was measured from point b, the initial deflection of
the muscle activity from the background activity, to line a.

Latency

was measured from tooth contact (line a) to line c, a line through the
last activity slope joining the background activity of the inhibitory

("silent") period.

The silent (inhibitory) period was measured from

line c to line d from initiation to cessation of the nearby horizontal
line representing e!ectromyographic silence.

Lines b, c, and d were

determined separately for each elevator muscle while line a represented

the common reference point.

The measurements for duration of muscle

contraction, duration of the latency period and duration of the silent

period were obtained for the O-C-C cycle of each elevator muscle.

Clenched Jaw Jerks (Fig. I0)

For the clenched jaw jerk responses, the first five measurable responses, those with a clear deflection of the microphone channel, were
measured from the records of the right masseter muscle.

The latency

period for the responses was measured from the left margin of the initial
deflection on the microphone channel (Fig. lOline a), representing the
impact of the reflex mallet used to elicit the response (Fig. I0), to a
line through the last activity slope joining the cessation of ongoing
activity (Fig. lOline

b). The silent period (inhibition) was measured

from line b to line c from initiation to cessation of the horizontal
line representing electromyographic silence (Fig. I0).
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Measurement of Inhibitory Period
Unilateral and Ad Libitum Chewing of Gum and Peanuts

The first ten chewing strokes during the unilateral chewing of gum
and peanuts were examined in order to note the occurrence of silent

periods in the ipsilateral (chewing side) masseter muscle and the occur-

rence, if any, of silent periods in the contralateral (non-chewing side)

masseter muscle during the same chewing cycle.

A premeasured gauge,

which could depict a return to baseline activity (i.e., inhibition of

muscle activity) lasting longer than 3.5 msec. and less than 65 msec.
during otherwise sustained muscle activity, was utilized to locate the

periods of inhibition.

In ad libitum chewing of peanuts and gum, the

occurrence of a silent period in either muscle and the bilateral occurrence of these silent periods were depicted by the same procedure used
for the unilateral data.

If more than one inhibition was seen in a

cycle, as often occurred during early peanut chews, only one silent
period was recorded for the cycle.

Those silent periods found in the right masseter muscle during
ipsilateral chewing were measured to determine the length of the period

of inhibition.

These periods were measured from a line drawn through

the last slope of activity joining the cessation of ongoing activity

to a line representing the termination of the horizontal line representing electromyographic silence (Fig. II).

Data from the suprahyoid (depressor) group was not examined because
a clear recording of the commencement and termination of muscle activity

could not be consistently obtained.

Statistical Methods
Comparison of Groups

In order to test the Null Hypothesis, Ho-

Group I

Group II

6O

Group III, the averaged data of each individual was subjected to an
analysis of variance.

Those parameters for which the hypothesis was re-

jected were submitted to the Duncan Multiple Range Test in order to

determine the differences between the groups.

Parameters analyzed in

this manner included age; the DMC, latency, and duration of the O-C-C

cycles for each elevator muscle; the latency and duration of clenched
jaw jerks; the occurrence of silent periods in the ipsilateral and

contralateral masseter muscles during unilateral gum and peanut chews;
the occurrence unilaterally or bilaterally of silent periods in right

or left masseter muscles in ad lib gum and peanut chews and the duration
of the silent period occurring in the right masseter muscle during
right side gum and peanut chews.

Additional Analyses (pooled data)

Correlation coefficients were determined in order to I) evaluate

the relationship of right and left muscles during those parameters

measured bilaterally, 2) evaluate the relationship of chewing a bolus
of constant volume (gum) and chewing a bolus of diminishing volume

(peanut) and 3) evaluate the relationship of the silent periods which
occur during different events.

Differences between the

n]eans

of various

measurements were determined through the use of the paired t-test at .05
level of significance.

In order to estimate the association between the O-C-C parameters
of the same muscle and the association between the silent periods
elicited during different test conditions, Pearson correlation coeffici-

ents were determined.
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Res u Its
Comparison of Groups

Table
this study.

shows the ages for the three groups of subjects used in

As expected, the mean ages of the groups were significantly

different and are appropriate for the dental criteria which served as
the basis for group identification (Figure 8 ).

The mean ages (years)

Group I (deciduous dentition)--5.6+.7, Group II (mixed dentition)

were-

8.9+1.1 and Group 111--14.7+__1.5.

The mean age of the entire subject

population of this study was 9.7+4.0 years.

With the exception of two

subjects in Group I, one who had lost a maxillary central incisor to

trauma and one who had recently exfoliated her mandibular central incisors, all subjects presented with complete dentitions for their re-

spective group.

For O-C-C measurements, there were no statistically significant
differences found between the groups for latency and silent period durations.

Tables 2 through 4 show the mean, standard deviation, standard

error and the maximum and minimum values for each parameter of the O-C-C
cycles.

The means for each group and parameter were derived from the

averaged data of the thirty O-C-C recordings taken from each subject.

For each group, a maximum of 240 measurements per O-C-C parameter was
possible for each muscle.

Where the number of subjects (n) is less than

eight, data for that parameter was not obtained due to loss of an elec-

trode pair during the experimental run or failure to obtain a microphone
signal.

For the latency and duration of each muscle during O-C-C cycles,
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analysis of variance failed to reject the Null Hypothesis, Ho; Group I

Group II
cies

Group III, at the .05 level of significance.

The mean laten-

(O-C-C) found in this study ranged from 16.6 msec. (left anterior

temporalis of Group III) to 19.5 msec. (left posterior temporalis of

Group I) while the mean silent period durations ranged from II.6 (right
anterior temporalis of Group III) to 15.4 (left anterior temporal is of

Group III).

For the right and left anterior temporalis and masseter muscles

(Tables 2 and 3), a significant variation at the .05 level was noted
between the groups with regard to the DMC.
right anterior temporalis were-

msec., and Group III

msec., and Group III

80.8 msec.

mean DMC values

were"

Group I

and Group III

81.4 msec.

77.13 msec.

Group I

112.6

I13.8 msec., Group II

105.6

In the right masseter muscles, the
107.6 msec., Group II

107.2 msec.,

Values for the left masseter muscles DMC

100.9 msec., Group II

Group I

117.6 msec., Group II

For the left anterior temporalis,

84.8 msec.

the mean DMC values noted were-

were"

Group I

The mean DMC values for the

105.57 msec., and Group III

The Duncan Multiple Range test determined that the lower

DMC values for Group III were significant enough to cause the variance
between the groups.

The DMC values (Table 4) for the right and left

posterior temporalis muscles were not significantly different between

groups.

In comparison of the latency and silent period durations of clench
jaw jerks, no statistically significant differences were found between

the three groups.
jaw jerks

(Table 5)

and Group III
tion

The mean values for the latency period of the clenched
were"

16.4 msec.

Group I

13.7 msec., Group II

14.6 msec.,

The mean values for the silent period dura-

(Table 5) of these groups were-

Group I

25.11 msec., Group II
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27.31 msec., and Group III

28.63 msec.

There was a consistant failure

Group I

to reject the Null Hypothesis (Ho-

Group II

Group III) when

the clenched jaw jerk data was subjected to analysis of variance.

For

pooled data of the jaw jerk latency and duration, the mean values were-

14.94 msec. and 27.03 msec.
The mean frequency of occurrence of silent periods did not significantiy differ between groups during unilateral and ad lib chewing of

peanuts and gum.

The mean duration (msec.) of the silent periods, which

Group I

occurred during gum chewing, were-

msec., and Group III
tions were-

III

Group I

9.6

For eanuts, the silent period dura-

II.7 msec.

13.53 msec., Group II

13.30 msec., and Group

There was a consistent failure to reject the Null

12.45 msec.

Hypothesis (Ho-

I0.9 msec., Group TI

Group I

Group II

Group III) when these means were

subjected to analysis of variance.

Additional Analyses
The correlation coefficients (Table 6) obtained to evaluate tn

relationship of right and left muscle groups with regard to O-C-C para-

meters, consistently demonstrated a statistically significant Correlation
coefficient for DMC measurements.

pooled for these determinations.

Data from Groups I, II, and III was
For the muscle groups examined, the

significant correlation coefficients were found to be .900 for the
anterior temporalis, -897 for the masseters and .945 for the posterior

temporalis.

For latency values, there was a failure to demonstrate

significant correlation for the right and left anterior temporalis

muscle.

The .230 correlation coefficient for the righi and left anterior

temporal is was not significant at the .05 level.

For the masseter and

posterior temporalis muscles, significant (.05) correlation coefficients
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of .653 and .602 were noted for the latency periods.

Silent period dura-

tions for the right and left components of the muscle groups demonstrated

significant correlations at the .05 level-

.541 for the anterior tem-

poralis, .873 for the masseters, and .703 for the posterior temporalis.

Significant differences between the means were demonstrated for the

OoC-C parameters of the anterior temporalis (Table 6) but were not
generally demonstrated in the masseter and posterior temporal is muscles.

It is interesting to note that the latency values for the various muscles
in the pooled data (Table

6) consistently demonstrated the smallest

standard deviations and standard error.
The mean latencies for O-C-C cycles (17.91 msec.) and clenched jaw
jerks

(14.94 msec.) for pooled data from the right masseter muscle

appeared to be significantly correlated (Table 7), while the mean durations

(13.28 for O-C-C and 27.03 msec. for clenched jaw jerk) of the

silent periods which followed failed to demonstrate significant linear

correlation.

Though the mean values describing the frequency of silent period

occurrences in I0 peanut chews tended to be slightly higher than those
of the I0 gum chews (Table 8), the differences between the means was

not significant at the .05 level.

Silent periods during chewing were

noted in the ipsilateral masseter muscles in 55 to 61 percent of uni-

lateral peanut chews and in 45 to 51 percent of unilateral gum chews.
During gum or peanut chewing, silent periods occurred bilaterally in
32 to 51 percent of the unilateral chews and in 31 to 39 percent of ad
lib chews.

In addition, a significant correlation between the mean dura-

tions of the silent periods, which occurred during chewing the different

foods, could not be demonstrated (Table 8).

Pearson correlation coefficients (Table 9) for O-C-C parameters of
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individual muscles demonstrated a slight but significant negative correlation between latency and inhibitory periods in some muscles (right
anterior temporalis, right masseter, left

masseter).

Significant cor-

relations of the silent period durations elicited by different experi-

mental procedures were noted between O-C-C and peanut chews (.3762) but

were otherwise not apparent (Table I0).
the results which have been presented.

The next chapter will discuss
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DISCUSSION
This chapter will discuss the results that were described in the
previous chapter-

these results indicate that the neurophysiologic re-

sponses elicited by a variety of stimuli do not vary among groups representing distinct stages of dentitional development though the responses
elicited within components of the same muscle groups may vary.

Neurophysiologic Aspects of O-C-C Cycles
Related to Dentitional Status
The DMC has been measured in several studies which recorded electro-

myographic data from the masseter and anterior temporalis muscles but not

from the posterior temporalis (Griffin et al., 1978; Munro and Griffin,
1970; Widmalm and Hedegard, 1977; Yaeger et al., 1978).

Tiese studies

did not simultaneously record the activity from the six masticatory

muscles examined in the present study.

As found in the earlier studies,

the masseter DMC values obtained here are generally shorter than the
corresponding anterior temporalis component (Tables 2, 3).

From corn-

parisons of the statistical values of this study, the DMC of the posterior temporalis muscle is also shorter than its anterior temporalis

counterpart (Tables 2, 4).

This is not surprising sincethe anterior

temporalis will start closing the mandible before the posterior tem-

poralis will retract it (Mller, 1966, 1974).
The mean values (Tables 2, 3) for the DMC of the anterior temporalis

(Right, 83.84; Left, 80.80) and masseter muscles (Right, 81.46; Left,

77.13) of Group II! are similar to or less than the ranges of values
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reported by Munro and Griffin

(1970), 89.8 to 101.3 msec. for the anterior

temporalis and 78.3 to 85.4 msec. for the masseter, or Yaeger et al.

(1978),

97.9 to 108.0 msec. for the anterior temporal is and 70.2 to 87.8 msec. for
the masseter.

The mean DMC values reported here for the anterior tern-

poralis (105-117 msec.) and masseter (100-107 msec.) of Groups I and II

are within or higher than the range of the previously reported values.
The significantly different values for the DMC of Group III as compared

to Groups I and II may have resulted from intellectual and perceptual
differences of the subjects in the study and may not represent true
physiological differences among the groups.

Yaeger et al. (1978) have

demonstrated modifications in DMC values relative to temporal constraints;
i.e., variations in O-C-C cycle rate.

Though the instructions to the

subjects in all groups were the same, the comprehension and subsequent

response (ad libitum cycle rate) of the subjects may have varied to such
an extent as to cause the between group variation noted for DMC.

This

possible cause of variation could be eliminated by controlling cycle

rate, as suggested by Yaeger et al. (1978), through the use of a metronome.

Skeletal differences, i.e., size and shape of the maxilla or

mandible and differences in muscle size, orientation, and attachment

may also be factors which induce functional alterations of the jaw movement activities (Enlow, 1975; Goldspink, 1976).
Significant correlations (Table 9) were not evident between the DMC

and the latency and silent period durations within the individual muscle

groups.

This suggests that the DMC portions of O-C-C cycles represent

independent components of the cycles, though they are necessary to elicit

the reflex.

This is in contrast to the results reported by Munro and

Griffin (1970) which indicate that a significant positive correlation
exists between the DMC and inhibition periods of the masseter muscles.
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From the results of this study, it seems the DMC components of O-C-C
cycles are of limited importance in the evaluaion of the reflexes evoked
during O-C-C cycles.

The DMC does not determine the durations of the

latency or inhibitory period but represents the muscle activity which
produces the movement of the mandible into the tooth contact position
which is necessary to elicit the reflex activity.

Among Groups I, II, and III, no significant differences were found
for the latency or silent period durations of the individual elevator
muscles.

The latency values (16.6-19.4 msec.) for this study fall with-

in the range of values

(6-40 msec.) previously reported (Table II). The

durations of the silent periods among Groups I, II, and III also show no

significant variation.

The mean values (II.6-5.4 r, sec.) of the O-C-C

silent periods of each muscle (Tables 2, 4) are within the range (9.2-

60.0 msec.) of those previously reported (Table II).

The anterior tem-

poralis, however, did not consistently have a shorter inhibition than
the masseter muscle (ipsilateral or contralateral) as previously repored

(Griffin and Munro, 1969; Munro and Griffin, 1970; Munro and Basmajian,
1971; Yaeger et al., 1978).

This is noted by the slightly longer silent

periods of the left anterior temporalis of Group II (15.4 msec.) and

Group III (!3.7 msec.) in comparison to the left masseter (14.2 for
Group II, 13.5 for Group III).

The reason for this variation from the

previous studies is unclear.

TIe results of this study indicate that the wide range of variation
seen in the latency and silent period measures of earlier studies involving normal populations (Table II) is attributable to varying measure-

ment techniques s suggested by Sessle and Schmitt (1972) and Yaeger et
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al. (1978).

The use of consistent landmarks in the measurements of this

study and the failure to demonstrate significant latency or silent period
differences among groups representing three distinct oral en v.i ronmen ts

suggests that the wide range of previously

repoted

values (Table 11

resulted from different measuring techniques and not the subject or instructional variability suggested by Gillings and Klineberg (1975).

La-

tency and silent period durations of normal subjects are rather consis-

tent.
The statistically significant negative correlation coefficients

between the latency and silent period durations noted in some muscles

(Table 9) are of limited value when considered in terms of their coefficient of determination (Schefler, 1979).

The coefficient of deter-

mination is defined as the square of the correlation coefficient which

may be used as an estimate of the intensity of association between two
variables that appear to be correlated.

The coefficient of determination

estimates the percentage of variation in X that is associated with

"explained by") the variation in Y or vice versa (Schefler 1979).

(or
The

negative correlation which does exist in some muscles may be due to the

fact that one landmark marks the end of the latency period and the beginning of the silent period (Fig.

9, line c).

This could cause in-

creases in one measure at the expense of the other resulting in a significant negative correlation.

Though the DMC varied among the groups of this study, significant
differences for the reflex parameters (latency and silent period) fol-

lowing tooth contact were not found.

Though this study did not attempt

to distinguish the neuromuscular mechanisms responsible for the reflex

components of O-C-C cycles, the findings imply that the afferent information or the sum of afferent information from the receptor system(s)
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responsible for generating the information which determines the latency

and inhibitory durations of O-C-C cycles is not altered by the natural
variations associated with the development of the-dentition.

The impor-

tance of occlusal feedback in regulating mandibular activity during the
mixed dentition period, as suggested by Moyers (1949) and Dubner et al.

(1978), appears to be limited

with regard to O-C-C cycles.

Neuromuscular Activity of Right and Left Components
of Masticatory Muscle Groups

In this study, the DMC and silent period measurements of the right
and left components of the muscle groups consistently demonstrated statistically significant positive correlation coefficients (Table 6).

For the

latency period, however, which exhibited the least variation (smallest
standard deviation and standard error) of all parameters, the anterior
temporalis muscle demonstrated significant differences between the means

(Table 6) and failed to demonstrate the statistically significant correlation coefficients found for the latencies of the right and left masseter
and posterior temporalis muscles.

This lack of significant correlation

suggests the possibility that an adjustment is performed by these muscles
in an effort to allow the masticatory system to attain maximal intercuspation and the force distribution necessary to withstand excessive masti-

catory forces.

In the present study, individual right and left O-C-C parameters were
examined i.n each of the three muscle groups.

Lack of prior information

regarding the correlation of EMG activity in right and left components
of the same muscle and findings which indicated that masticatory muscle
activity may be asymmetrical led Widmalm and Hedegard

(1977) to recommend

that recordings of muscle activity be done bilaterally.

Demonstration of

statistically significant correlation between right and left components
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implies associated activity; i.e., the components vary together.

The

failure to demonstrate statistically significant correlations provides

no evidence that two components are reiated.
The statistically significant correlation coefficients (Table 6) and

rather high coefficients of determination found for the DMC component of
the O-C-C cycles indicate synchronous activity of the right and left mus-

cle groups during this phase of jaw closure in which the elevator muscles

are in non-isometric contraction (Ahlgren, 1966; Mller, 1966, 1974; Dubner
et al., 1978).

The elevator muscles act to move the mandible during this

closing phase and begin to develop force during this time.

The force de-

veloped by the mandibular elevators is gradually increased and transferred

to the teeth and their supporting structures during the period of tooth

contact (Miler, 1966. 1974; Ahlgren and Owall, 1970).
The closure period ends at tooth contact when the occlusal phase of
masticatory closure is initiated (Murphy, 1965; Yaeger, 1978).

tency period of O-C-C cycles is also initiated by tooth contact.

The la-

Maximal

EMG activity will usually occur close to or at the intercuspal position

(Hannam et al., 1977).

During the occlusal phase, the mandibular eleva-

tors will usually produce maximal chewing force, an average of 41 msec.
after the peak EMG activity (Ahlgren and Owall, 1970).

Since maximal chewing

force does not appear before the silent period (Ahlgren and Owall, 1970), it
is possible that the latency

(16-19 msec.) and silent periods (11-15 msec.)

occurring after tooth contact represent a transition period which allows
the musculature to adapt to the forces and constraints imposed upon it by

the contact of opposing teeth. If the masticatory system is designed so
that high masticatory forces are best withstood in the intercuspal po-

sition (Hannam et al., 1977), the period of time immediately following
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initial tooth contact should permit the masticatory system to adjust in

an effort to dissipate these forces as evenly as possible.

This type of

adjustment would be advantageous if accemplished early in the occlusal

phase, i.e., during the latency period, since maximal force is reached

later in that phase (Ahlgren and Owall, 1970; Yaeger, 1978).

Adjust-

ment of the mandible can be accomplished by anterior temporalis muscle
activity (Ahlgren, 1966; Mller, 1966, 1974).
Simultaneous recordings of jaw position and muscle activity are

necessary to examine the specific muscle activities
phase of closure.

during the occlusal

Past studies (Ahlgren, 1967; Ahlgren and Owall, 1970)

lacked the temporal or spatial resolution necessary to accomplish this
task.

Computer-based, well integrated EMG and tracking systems have

been developed (Hannam et al., 1977) or are being developed (Gay, per-

sonal communication) which have the potential for providing a more detailed description of the activity which occurs during the occlusal

phase of closure.
Neurophysiologic Responses of Clenched
Jaw Jerk
The values (Table 5) which represent the mean latency and silent
period durations of the clenched jaw jerks for the groups of this study

and the latency (14.9 msec.) and silent period (27.0 msec.) durations of
the experimental population are within the range of values previously re-

ported for normal subjects--12.0 msec. (Widmalm, 1976) to 34 msec.

(Bessette et al., 1974) for

latencies, and 14.4 msec.

(McNamara et al.,

1977) to 33.8 msec. (Yaeger et al., 1978) for silent periods.

In this

study, measurements of the suppressed muscle activity which sometimes

follows inhibitory periods (Munro et al., 1978; Widmalm and Hedegard,
1976; Yaeger et al., 1978) were not made.

These suppression periods
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are considered to be of limited value in the analysis of reflex activity

(Griffin et al., 1978).
The mean latency values are significantly lower in the clenched jaw
jerk when compared to the O-C-C latency

ing (Table

(14.9 vs. 17.9 msec.).

The find-

7) of a significant correlation (.672) among these two latency

measures suggests that if similar sensory chanisms are underlying the

response(s) evoked by the occlusal contact of O-C-C cycles and the chin
tap of clenched jaw jerks, these mechanisms, i.e., the receptors stimulated or the pathways involved, may be facilitated during the clenched
jaw jerk, causing the shorter latency period.

Significant linear cor-

relations were not demonstrated for the silent periods indicating these
silent periods do not vary together.

Yaeger et al. (1978) suggested that the facilitation o,= masticatory
reflexes may be due to the activity present in the elevator muscles.
Variation in the type of muscle contraction occurring during the O-C-C

cycles (isotonic) and jaw jerks (isometric) may be responsible for the
differences noted in the mean latency durations.

will respond differently under varying conditions.

The muscle spindles
This variation in

response occurs because of differences in the properties of primary and
secondary afferents supplying the spindles (Matthews, 1972) or because

gamma efferent (fusimotor) innervation of the muscle spindle can increase
the sensitivity of the spindle afferents’ discharge during active contraction

(Dubner et al., 1978).

The failure to demonstrate significant variation among the groups
for latency and silent period durations of the clenched jaw jerks sug-

gests that the changes, if any, which occur in the receptor systems or
afferent pathways as a result of dentitional development are not sufficient
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to cause observable variations in the reflexes elicited by a tap to the

Because the silent period elicited by the clenched jaw jerk is

chin.

considered to be of diagnosic value in adults presenting with symptoms

of orofacial dysfunctions (Bessette et al., 1971, 1974; Bailey et al.,
1977a, b; McCall et al., 1978; Widmalm, 1976) and because this reflex

measure may be used to assess treatment effects (Bessette et al., 1971;
Bailey et al., 1977; McCall et al., 1978; Felli et al., 1979; Griffin

et al., 1978; Widmalm, 1976), the clenched jaw jerk response may be of
value in the diagnosis and treatment of those disorders of the mastica-

tory system which affect young children, e.g., bruxism, TMJ dysfunction

(Perry, 1976; Stack and Funt, 1977) since the silent period durations
of children are independent of their age and dentitional status.

Occurrence of Silent Periods During Chewing
Comparisons among the groups of this study regarding the occurrence

of silent periods in right and left masseter muscles during unilateral

an ad lib chewing of peanuts and gum and the durations ef these silent
periods, as measured from the right masseter muscle, were not statistic-

ally significant.

Significant correlations and differences between the

means were not demonstrated in comparisons between gum and peanut chews.
Based on these limited data, it is not clear whether the underlying oral

sensory mechanisms responsible for the inhibitory periods seen during
mastication vary according to the developmental status of the dentition.

The findings of the present study indicate that silent periods of
variable duration (6.9-17.5 msec. for gum chewing; 8.0-17.0 msec. for

peanut chewing) occur in 45-61 percent of the masticatory cycles observed.

These silent periods, however, do not necessarily indicate the

occurrence of tooth contact (Ahlgren, 1969; Schaerer et al., 1967).
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Several studies have utilized silent period occurrence as evidence of
tooth contact during mastication (Ahlgren, 1967, 1969; Schaefer et al.,

1967; Hannam et al., 1969; Owall and ElmQvist, 1975) while other studies
have used contact switches (Mller, 1966; Schaerer and Stallard, 1966)
and cinematography (Ahlgren, 1966).

Evidence from these studies has

estimated tooth contact to occur in twenty to eighty-four percent of
masticatory strokes.

It has been suggested that. pressure on periodontal

or other pressure sensitive oral receptors inhibits the motor neurones
of the masticatory muscles and elicits motor pauses (Ahlgren, 1969;
Griffin and Munro, 1969; Jerge, 1964; Hannam et al., 1969), but the
findings of a similar number of motor pauses in the EMG chewing patterns

of subjects with natural teeth and full dentures led Owall and Elmqvist

(1975) to conclude that periodontal sensory mechanisms are not responsible for eliciting these motor pauses.

Owall and Elmqvist (1975) indi-

cated multiple mechanisms may be involved.
The occurrence of the silent periods during mastication n]ay actually
have an inverse relationship to tooth contact fr.equency (Owall and E!mqvist,

1975) which tends to be low in the early part of chewing sequences (Owall
and Mller, 1974).

It has been suggested that these silent periods rep-

resent unloading during biting (Owall and Elmqvist, 1975).

This is be-

cause unloading can occur as a piece of food is broken into smaller
particles (Owall and Mller, 1974; Owall and Elmqvist, 1975).

Unloading

during biting, without tooth contact, can produce a motor pause (Hannam

et al., 1968; Owall and Elmqvist, 1975).

The observation in the present

study that the muscle activity of early peanut chews often exhibits multiple silent periods within one chewi.g cycle has been noted in earlier
studies (Owall and Elmqvist, 1975; Watt et al., 1976) and supports the
belief that the silent periods may occur as hard foods are broken down
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into smaller particles (Owall and Elmqvist, 1975) since these multiple
silent periods did not occur during chewing of a soft consistent bolus

(gum).
The significant correlation between the silent period durations of
the right masseter in O-C-C cycles and peanut chews

(Table I0) may indi-

cate similar receptors and afferent pathways are activated during both
activities.

reflexes.

It is possible that a common mechanism exists for all four
The failure to demonstrate significant correlations of either

peanut chewing or O-C-C silent period durations with those occurring in
gum chewing or clenched jaw jerks may or may not indicate that silent
period elicitation is potentiated during O-C-C cycles and peanut chewing
with respect to gum chewing.

The mechanism of silent period elicitation

may be facilitated with respect to the clenched jaw jerk.

The

nvesti-

gation of the possible interrelationship of the responses elicited by
various masticatory activities requires future study using well integra-

ted EMG and jaw tracking systems which do not interfere with normal

function.
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SUMMARY AND CONCLUSIONS
Ths investigation was undertaken for the purpose of reducing some

of the confusion which exists within the literature regarding masticatory
muscle reflex activities.

This was done by studying the reflex patterns

of selected masticatory muscles in twenty-four children representing distinct stages of dentitional

development.

The results of this study indicate the latency and silent periods
of O-C-C cycles and clenched jaw jerks do not vary among groups representing distinct dentitional stages.

The mean latency period durations

obtained from the O-C-C cycles of the subjects in this study ranged from

16.6 msec. to 19.5 msec. and demonstrated the smallest standard deviation
and standard error of all parameters measured.

The mean silent period

durations ranged from 11.6 msec. to 15.4 msec.

The masseter muscle la-

tency and silent period durations evoked by a tap to the chin during
sustained contraction were 14.9 msec. and 27.0 msec. respectively.

The results further indicate that, with the exception of the latency
period of the anterior temporalis muscles, the activities of the right

and left components of the masticatory muscles are significantly corre-

lated to each other during O-C-C cycles.
Based on the res61ts of this study, the following conclusions are

suggested:

I)

The neurophysiologic responses to the tooth contact which occurs

during open-close-clench cycles do not vary in the masseter, anterior
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temporalis, and posterior temporalis muscles among groups of children
representing distinct stages of dentitional development.

Since the

neurophysiologic responses do not vary, the reflex elicited by tooth

contact in O-C-C cycles is not based on tooth form or quantity.

2)

The neurophysiologic responses resulting from a. tap to the chin

during sustained contraction of the mandibular elevators do not vary

among g.roups representing distinct stages of dentitional development.
The reflex elicited by a clenched jaw jerk is not based on tooth form

or quantity.

3)

The neurophysiologic responses to the tooth contact which occur

during open-close-clench cycles may vary among the right and left compon-

ents of individual muscle groups.

This suggests a role for the anterior

temporalis muscle in bringing about adjustments of the masticatory sys-

tem in the intercuspal position.
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Table

2:

Parameters of Open-Close-Clench Cycles for the
Anterior Temporalis (right & left) Muscle

RIGHT ANTERIOR TEMPORALIS (DMC)
Subjects

(N)

Mean

Standard
Deviation

Standard

Error

Mi n mum

Ma xi mum

7,6646

9.3656

89,0000
83,2000

4,9954

65.5000

151.5000
155.3000
104.8000

I
II
III

8
8
8

117,6750
84,8375

21,6789
26,4901
14,1291

TOTAL

24

105,0542

25,1991

5,1437

65,5000

155,3000

22,6000

112.6500

RIGHT ANTERIOR TEMPORALIS (LATENCY)

I
II
III

8
8
8

18,2625
18,0875
18,6875

2,4118
2,2177
1,6093

,8527

.7841
.5690

15,3000
15,9000
15,8000

21.2000

TOTAL

24

18,3458

2,0302

,4144

5. 3000

22,6000

21.5000

RIGHT ANTERIOR TEMPORALIS (DURATION OF SILENT PERIOD)

I
II
III

8
8
8

14,0375
12,8125
11,6625

4,7265
2,1424
2,3531

l .6711

9.2000
10. 3000
8.8000

23. I000

,7574
,8319

TOTAL

24

12.8375

3,2958

.6728

8,8000

23,1000

25.4820

9.0092
8.2974
5.7296

76.6000
69.5000
55,1000

159.6000
146. 7000
I01. I000

16,8000
16,0000

’EFT ANTERIOR TEMPORALIS (DMC)
I
II
III

8
8
8

113,8750
105,6500

80. 8375

23,4685
16,2056

TOTAL

24

100.1208

25,51 37

5,2080

55,1000

159,6000

_EFT ANTERIOR TEMPORALIS

(LATENCY)

I
II
III

8
8
8

18,0875
16,7875
16,6875

1,7618
,8391
1,2710

,6229
,2967
,4494

15,4000
15,5000
15,4000

21. 3000
18.2000
18.8000

FOTAL

24

17,1875

1,4405

.2940

15.4000

21,3000

20.2000
20.8000
16.8000
20.8000

.EFT ANTERIOR TEMPORALIS (DURATION OF SILENT PERIOD)
I
II
III

8
8
8

14.0875
15.4375
13.7125

3.7772
3.0673
2.1827

1,3354
,7717

9.1000
12.4000
11. I000

FOTAL

24

14.4125

3.0378

.6201

9.1000

1.0845
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Parameters of OpenClose-Clench Cycles for the
Masseter (right & left) Muscle

Table

RIGHT MASSETER (DMC)

Group_

Subjects

(N)

Standard
Devi ati on

Standard

Mean

Error

Minimum

Maximum

I
II
III

8
8
8

107.6375
107.2125
81.4625

17.2227
24.5910
15.3937

6.0892
8.6942
5.4425

81.2000
79.4000
69.7000

129.4000
159.2000
116.1000

TOTAL

24

98.7708

22.4226

4.5770

69.7000

159.2000

.7370
.5622
.8511

14.4000
14.9000
14.9000

19.8000
20.2000
23.4000

.4330

14.4000

23.4000

RIGHT MASSETER (LATENCY)

I
II
III

8
8
8

17.0250
17.2375
18,7875

2.0845
1.5901
2.4074

TOTAL

24

17.6833

2.1213

RIGHT MASSETER (DURATION OF SILENT PERIOD)

I
II
III

8
8
8

14.4375
13. 9000
II .8250

3.3730
2.2816
2.4714

1.1925
.8067
.8738

9.6000
10. 8000
8.8000

20.1000
7. 8000
15.5000

TOTAL

24

13.3875

2.8688

.5856

8.8000

20.1000

LEFT MASSETER (DMC)
I
II
III

8
8
8

100.9125
105.5750
77.1375

II .8760
24.9920
14.1623

4. 1988
8.8360
5.0071

86.1000
73. 7000
56.9000

120.3000
53.2000
I00.9000

TOTAL

24

94.5417

21.3514

4. 3583

56.9000

153.2000

LEFT MASSETER (LATENCY)
I
II
III

8
8
8

17.2000
17.3250
16.9750

2.6463
1. 7036
3.7958

.9356
.6023
1.3420

3.9000
15.0000
11.4000

22. I000
19.5000
24.4000

TOTAL

24

17.166 7

2.7242

.5561

11.4000

24.4000

LEFT MASSETER (DURATION OF SILENT PERIOD)
I
II
III

8
8
8

14.6250
14.2250
13. 5000

4.4326
2.3939
3.0956

1.5672
.8464
1.0945

9.0000
11.0000
8.9000

21.7000
18.0000
18.0000

TOTAL

24

14.1167

3.2965

.6729

8.9000

21. 7000
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Table

4:

Parameters of Open-Close-Clench Cycles for the
Posterior Temporal is (right & left) Muscle

RIGHT POSTERIOR TEMPORALIS (DMC)

G.rou.p

Subjects

(N)

Standard
Devi ati on

Standard

Mean

Error

Minimum

Maximum

I
II
III

6
8
8

106,7333
99,7375
83,4000

26,3293
20,4169
19,6686

10.7489
7.2185
6.95 39

79.5000
55.4000
55. 6000

152.9000
123.2000
I0.5000

TOTAL

22

95,7045

23,0561

4,9156

55,4000

159,9000

2,8557

14.2000
16.3000
7. 0000

22.0000
23.1000
22. 3000

14.2000

23.1000

7,9000

7. 3000
14.5000

RIGHT POSTERIOR TEMPORALIS (LATENCY)

I
II
III

6
8
8

18,9500
18,2750
18,6875

2.0610
1,8612

1.1658
7287
65 80

TOTAL

22

18,6091

2,1425

.4568

RIGHT POSTERIOR TEMPORALiS (DURATION OF SILENT PERIOD)
1,6423

1.5811
5806

1.8875

,6673

8,4000
2,3000
9,1000

2.5288

5391

8. 4000

7. 9000

86,7000

55.1000
60,2000

159,i000
124,5000
117,7000

I
II
III

6
8
8

12,2667
14,0500
12,3375

3.8728

TOTAL

22

12,9409

LEFT POSTERIOR TE,M, PORALIS (DMC)
I
II
III

6
8
8

112,1833
100,4625

24,9505

82.8375

22,7400

I0,1860
7,0498
8,0398

TOTAL

22

97,2500

24,4929

5. 2219

55,1000

159,1000

15.7000
16.5000
16.4000

23.5000
21.2000
21.9000

19.9399

LEFT POSTERIOR TEMPORALIS (LATENCY)
19,5143
18,6250

3,4806

II
III

7
8
8

18.5500

1,8524

1.3156
5528
.6549

TOTAL

23

18,8696

2.3162

.4830

5. 7000

23. 5000

1.1834
.9788
7187

8.4000
11 .I000
I0.2000

16.7000
7. 8000
16.9000

,5398

8.4000

17.8000

i

1.5636

LEFT POSTERIOR TEMPORALIS (DURATION OF SILENT PERIOD)
3.1310

I
II
III

7
8
8

12,0571
13,3250

12.8125

2,7686
2,0329

TOTAL

23

12,7609

2.5887
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Clenched Jaw Jerks (Ist five)
Right Masseter Muscle

Table

Latency

Group_
I
II
III
TOTAL

Mean

Standard
Deviation

Standard

Count

Error

Minimum

Maximum

7
8

7

13.7733
14.6075
16.4886

2.6809
3.9143
5.6066

1.0133
1.3839
2.1191

9.7600
7.5200
9.0200

16.5200
19.6200
23.5200

22

14.9406

4.1758

.8903

7.5200

23.5200

7

7

25.1104
27.3150
28.6314

4.0336
9.8867
7.3447

1.5246
3.4955
2.7763

20.7600
19.7800
16.5200

33.2800
45.7800
39.7800

22

27,0324

7.3998

1.5776

16.5200

45.7800

Duration

I
II
III
TOTAL

8

Table 6:

Correlation Coefficients and t-test (pooled

data)

O-C-C Parameters

Std.

Std.

msec.
Mean

Deviation

Error

RT.

105.0542

25.199

5.144

LT.

100.1208

25.514

5. 208

RT.

18.3458

2.030

.414

LT.

17.1875

1.441

.294

RT.

12.8375

3.296

.673

LT.

14.4125

3.038

.620

RT.

98. 7708

22.423

4.577

LT.

94.5417

21.351

4.358

RT.

17.6833

2.121

.433

LT.

17.1667

2.724

.556

RT.

13.3875

2.869

.586

LT.

14.1167

3.296

.673

RT.

96.5809

24.891

5.432

LT.

94.5476

22.962

5.011

RT.

18.8455

2.368

.505

LT.

18.6091

2.143

.457

RT.

12.6636

2.606

.556

LT.

12. 9409

2.529

.539

Number
of Cases

(Dif.)
Mean

T

Degrees of 2-Tail

Std.
Std.
Deviation Error

Corr.

2-Tai
Prob.

Value

Freedom

Prob.

4.9333

II.335

2.314

.900

<.001

2.13

23

.044

1.1583

2.203

.450

.230

.280

2.58

23

.017

-1.5750

3.042

.621

.541

.006

-2.54

23

.018

4.2292

II .764

2.401

.897

.001

1.76

23

.092

5167

2.092

.427

.653

.00i

1.21

23

.239

.7292

1.627

.332

.873

<.001

-2.20

23

.039

2.0333

8.174

1.784

.945

<.001

1.14

20

.268

.2364

2.022

.431

.602

.003

.55

21

.589

.422

.703 <.001

Ant. Temp. DMC
24
Ant. Temp. Latency
24

Ant. Temp. Duration
2a

Masseter DMC
24

Masseter Latency
24

Masseter Duration
24

Post. Temp. DMC

21

Post. Temp. Latency
22

Post. Temp. Duration
.2773

22

1.979

.66

21

.518
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Table 8"

Correlation Coefficients and t-Test (pooled data) for Occurrence and Duration
of Silent Periods in Gum and Peanut Chewing

No. of Cases

Mean No.
Occur.
Based on
I0 Chews

Deviation

Error

Gum Chew RT

4.560

.241

.049

Std.

Std.

24

Peanut Chew RT
Gut,, Chew

LT

6.125

.254

.052

5.111

.193

.039

24

Peanut Chew LT

5.573

.199

.041

3.241

.228

.047

(Dif.)
Mean

Std.
Deviation

T

Error

Corr.

2-Tail
Prob.

Value

Std.

Degrees of 2-Tail
Freedom
Prob.

.1565

.395

.081

-.271

.200

-1.94

23

.065

.0462

.210

.043

.424

.039

-l.08

23

.293

.1884

.451

.092

-.407

.049

-2.05

23

.052

.0391

.243

.050

.237

.265

.79

23

.438

.014

.312

.065

.188

.390

.22

22

.826

.0783

.278

.058

.317

.141

-1.35

22

.191

.642

.143

.505

-3.63

Gum Chew RT
Bilateral

24

Peanut Chew RT
3i Iateral

5. 125

.307

.063

Gum Chew LT
Bi Iateral

3.421

.211

.043

24

Peanut Chew LT
Bilateral

Gum Chew Ad Lib

3.812

.180

.037

4.957

.251

.052

23

Peanut Chew Ad Lib

5.101

.238

.050

Gum Chew Ad Lib
Bi lateral

3.174

.227

.047

23

Peanut Chew Ad Lib
Bi latera|

3.957

.248

.052

2.384

487

,Mean msec
Duration

Based on
I0 Chews

RT Gum Chew

10.7667

-2.3292

24

Peanut Chew

13.0958

2.417

.493

3.143

23

.001
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Table 9"

Anteri or Tempora

Pearson Correlation Coefficients for O-C-C
Parameters of the Individual Muscles
s
Right

DMC
DMC

Left

Latency Duration

DMC

Latency Duration

1.000

-. 2012*

.2914

1.000

.1626

,1044

(0)

(24)**

(24)

(0)

(24)

(24)

s=.O01

s=,173"** s=.084

s=.224

s=.314

-.4614

1.000

-.2367

(24)

(0)

(24)

s=.O12

s=.OOl

s=.133

Latency

1.000

(0)
s=.O01

s=.O01

1.000

Duration

1.000

(o)

(o)

s .001

s .001

Masseter
DMC

1.000

.0929

.1657

1.000

.3380

.2376

(o)

(24)

(24)

(o)

(24)

(24)

s .001

s=.333

s .220

s=.O01

s .053

s=.132

Latency

1.000

.3709

1.000

(o)

(24)

(o)

(24)

s= .001

s .037

s .001

s .004

1.000

Duration

,5324

1.000

(o)

(o)

s .001

s .001

Posteri or Temporal s

DMC

Latency

1.000

.0642

.0490

1.000

.0312

.0316

(o)

(22)

(22)

(o)

(22)

(22)

s .001

s

s=.414

s= ,001

s=.445

s .445
-.2673

388

-.0229

1.000

(o)

(23)

(o)

(22)

s .001

s=.459

s .001

s=.l15

1.000

Duration

1.000

(o)
s= .001
*Correlation Coefficient
**Cases (n)
***Si gni fi cance

1.000

(o)
s .001
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Table I0:

O-C-C

Pearson Correlation Coefficients for
Silent Period Durations Elicited by
Various Inputs (Right Masseter)
Clenched

Peanut

Gum

O-C-C

Jaw Jerks

Chews

Chews

1.000

-.0862*

(22)**
Clenched
Jaw Jerks

.3762

(24)

-.1326

(24)

s =.351.**

s =.035

s =.268

1.000

.2190

-. 1499

(22)

(22)

s=.164

s .253

1.000

.1432

Peanut
Chews

(24)
s .252

Gum Chews

*correlation coefficient
**cases (n)
***significance

1.000

Table 11:

5pine

Mean Values for Latency and Silent Period Durations in Jaw Elevator Muscles
Latency

Ahlgren, 1967

Procedure

Musc

Chewing, intercuspal

asseter
Temp.

contact

Dura=i on
inse

17.8
15.3

Ahlgren, 969

Chewing

Masseter and
Temp.

25-30

Bailey et al.

Mechanical stimulus
(jaw jerks)

Masseter and
Temp.

25.7-26.5
53.9-56.3*

Mechanical stimulation

Masseer and
Temp.

Bessette et al.
1971

Jaw Jerk (relaxed and
clenchecl)

Masseters

Bessette et al.
197

Jaw Jerk

Masseter and
Temp.

Bratzlavsky, 1972

Jaw Jerk

Brenman et at.
1968

Intercuspal contact

Masseter and
Temp.

Felli and McCall
1979

Jaw Jerk

Masseter and
Temp,

Gillings and Klineberg
1975

Intercuspal tapping-intercuspal clench (O-C-C)
clench and tap
clench and e|e=trical

Ant.
Ant.
Ant.
Ant.

Goldberg, !971

Mechanical stimulation

1977
Beaudreau et al.

19690

Griffin and Munro

O-C-C

1969

33-70
24
60*

34

24

lO-15

I0-20

6-35**
16- 20

5-50**
16- 20

33.5
12.6
ll.O
I0.7
13.9

Temp.
Temp.
Temp.
Temp.

10.9
3.9
17.4
13.8

20.I

Masseter

14.5

Medial pterygoi d
Ant. temp.
P,i d. Temp.

I0.3
13.8

Post. Temp.

11.7
13.9
12.0

Hannam et al., 1969

Tooth tapping

Masseter

Hulfsclmidt and
Spuler, 1962

Jaw jerk (clenched)

Masseter

Matthews and Yenn

Intercuspa|

taps

30-40

13.0
14.7
11.5
14.3
15.4

!0-20
60

20

Masseter

8

Masseter and
Temp.

13.30-13.55

1970
McCall et at., 1978

Jaw jerk (clenched)

McNamara et a1., 1977

Jaw taps (upward

Meier-Ewart et al.

Acoustic stimulation

downward)

27.31-37.5
14.97-34.28""

Massetr and
Temp.
14

11

I0.5-13.8

12.8-20.

12.0-12.3
12.7-13.7

12.6-13.6
I1.4-11.9

1974
Mandi bu ar

Munro and Basmajian
1971

O-C-C

Munro and Griffin
1970

O-C-C

Masseter
Ant. Tenm.

Munro and Gri ffi
1971

Jaw Jerk

Masseter and
Ant. Temp.

(]wall and

Tooth tapping

Masseter and

Chewing, taps

Masseter and
Ant. Temp.

Sessle ancl Schmitt
1972

Mechanical tooth taps

Masse ters

12.9-I 4.2

Wi dmalm, ]976

Jaw jerk clenched

Mas seters

12.2

Yaeger et al., 1978

O-C-C

Masseters
Ant. Temp.
Masseters
Ant. Temp.

13.1-13.4
13.6-13.8
13.5
13.2

Elvist

Elevators

6.2
15.6-18.4

9.0

19.9-23.6

1975
Perrin and Yardin

197

Jaw jerk clenched

lS.S
15.5-15.8
17.5
23.9"

9.0-I0.5
7.4- 8.3
33.8
29.4

Yemm, 1972

Electrical stimulation

Masseters

13-19

lO-19

Yu et at., 1973

Clench and soft tissue
stimulation

Massetrs

15-20

8-18

Present Study
(Groups I, 11, Ill)

O-C-C

Rt.
Lt.
Rt.
Lt.
Rt.

An. Temp.
An. Temp.
Masseter
Masseter
Post. Temp.
Lt. Post. Temp.
Rt. Masseter
Rt. ,asseter
Rt. ,asseter

18.3
17.1
17.6
17.1
18.6
13.8
14.9

Clenched jaw jerk

Gum chewing
Peanut chewi ng

TMJ patients;

Preocclusal ajus=ment; o
There may nave been
(see Yaeger et al., 1978).

which resulted in xcessvely large values.

12.8

14.4
13.3
14.1
12.9
12.7
27.0
I0.7
13.0

sys=ema=ic error in data analysis
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Fi gure 1

Receptors of the motor system.

Diagram of possible receptor sites

(discussed in section entitled "Receptors of the Motor System") and
central reflex pathways involved following a tap delivered to the region
of the chin or lower teeth (discussed in section entitled "Masticatory

Muscle Reflex Activities").
b. periodontal
and

Receptor sites represented are-

c. mucosal (? periosteal)

e. muscle spindle.

Pathway

d.

a. cutaneous

temporomandibular joint

is primarily excitatory to jaw-closing

motorneurons; pathway 2 primarily inhibitory to jaw-closing motorneurons.
The pathway through the V mesencephalic nucleus to the V motor nucleus
is relatively direct, but that through the V ganglion may involve ene or

more synapses in the supratrigeminal nucleus, in one or more of the V
brain-stem sensory nuclei, or in the reticular formation.

Some of the

afferent information may also pass to higher centers (e.g., cerebral

cortex) and so bring into play suprabulbar loops that may have excitatory and/or inhibitory effects on V motoneurons.

HIGHER CENTERS

r MESENCEPHALI C
SUPI

TAP

(From Dubner, Sessle and Storey, 1978)

e.. MOTOR CORTEX
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Figure 2
Diagrammatic representation of sensory and motor innervation of a

muscle spindle (left) and influence of gamma innervation on the discharge properties of its group la afferents (right).

At the top left is

shown the group la and group II sensory nerves supplying different regions
of the spindle, which may contain nuclear bag and/or chain intrafusal
fibers.

The bottom left illustrates the gamma motor supply that forms

motor endplates on the intrafusal fibers.

The top right shows what

might be the resting discharge from one of the spindle’s la afferents

when the muscle is in a relaxed state.

When the muscle contracts, a

silent period might occur in the discharge (middle) were it not for the
influence of the gamma efferent innervation, which can maintain or enhance

the discharge (bottom) by causing intrafusal fiber contraction and thereby stretching the spindle’s central region supplied by the la afferent.

(Modified from Eldred, 1965 by Dubner, Storey and Sessle, 1978).

SENSORY
Io AXON

RELAXED

CONTRACTED

MOTOR
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Figure 3

Some jaw reflexes in man-

A. Jaw jerk elicited while subject relaxed.
B.

Jaw jerk elicited while subject was biting (the jaw jerks were
elicited from a hammer which was used to trigger the EMG recording). Note increased activation before the inhibitory period.

(Tap trig-

C.

Effect of tapping a tooth with a small metal bar.
gered EMG recording)

D.

Effect of electrical stimulation while subject was biting.
Note similarity to mechanical stimulation (C.) (Electrical
signal triggered EMG recording)

E.

Effect of tooth contact. Subject asked to tap teeth together
and maintain them in a clenched position.

These records were obtained from the same subject (male, aged 30
years). Amplifications and time scales in the different records were
kept the same throughout. Masseter muscle ImV. Time (horizontal)"
20 msec. (Modified from Matthews, 1975).
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Figure 4

Unloading Reflex.

The subject bit hard until a brittle material

held between the teeth fractured (arrow).
the elevator muscle is inactive.
time:

20 msec. (horizontal bar).

Yemm, 1968).

About 20 msec. after fracture,

Temporalis muscle O.3mV (vertical)

(Modified from Hannam, Matthews,
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Figure 5

Muscle action potentials.

During a strong voluntary contraction,

it becomes impossible to determine the individual characteristics of the

motor unit potentials because these potentials become superimposed.
condition is called an interference pattern.

This

>

>
!

!

!

C

I00

Fi gure 6
Schematic diagram of recording instrumentation.

IScope

HONEYWELL 5600
14 Chanl
Instrunntation
Recorder

ucla

j-

codes

audio

Optical

J Osci 11o-
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Figure 7

Electrode placement.

A bipolar method of recording was utilized.

Electrodes were bilaterally placed over the anterior and posterior portions of the temporal is muscles and over the masseter muscles.

was placed over the suprahyoid (depressor) group.

One pair
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Figure 8

Dental criteria which served to identify groups.

Group I (decidu-

ous dentition), Group II (mixed dentition) and Group III (early perma-

nent dentition). Modified from Schour and Massler, 1941.
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Figure 9

Open-close-clench cycle elicited by a subject opening and closing
their mouth forceful ly and rhythmical ly, to occl ude on the molar teeth

and then clenching the teeth together for a short time.

The photograph

shows an electromyograph of one open-close-clench cycle.

From the top,

the channels are masseter (data shown is representative of other muscles),
microphone and octal code.

The horizontal calibration shown to the left

is 40 msec. (each time code is 20

300

V.

msec.). The vertical calibration is

The vertical lines marking the trace are-

dicated on microphone channel,

A) tooth contact in-

B) beginning of elevator muscle activity

(beginning of DMC), C) beginning of inhibitory (silent) period (end of
latency period) and D) end of inhibitory period (beginning of clench).

Measurements of DMC were made from B to A.
made from A to C.

Measurements of latency were

Inhibitory periods were measured from C to D.

I08

Fi gure 10

Clenched jaw jerk elicited by a tap to the chin during sustained
contraction of the elevator muscles.

From the top, the channels are

electromyographic of the masseter muscle, microphone and octal code.
The horizontal calibration shown to the left is 40 msec.

calibration is 300

uV. The

The vertical

vertical lines marking the trace are-

A) mallet impact as indicated by microphone channel, B) beginning of
inhibition and C) end of inhibition.

Measurements of the latency period

were made from A to B; silent periods were measured from B to C.
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Figure 11
Inhibitory period during (gum) chewing.

From the top, the channels

are electromyographic activity of the masseter, microphone and octal
The horizontal calibration shown to the left is 40 msec.

code.

vertical calibration is 300

are:

V.

The

The vertical lines marking the trace

A) beginning of the silent period (end of ongoing activity) and,

B) termination of silent period. Silent periods were measured from
AtoB.
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Appendix
Experimental Paradigm

(Calibration Signal)
Open-Close-Clench (O-C-C) X I0
Right Lateral Movement

Left Lateral Movement

Clenched Jaw Jerk X 5

Peanut Chew

Right Side, One Peanut

Peanut Chew

Left Side, One Peanut

Clenched Jaw Jerk X 5

Gum Chewing

Right Side

Gum Chewing

Left Side

Gum Chewing

Front Teeth

O-C-C X lO

(Calibration Signal)
Relaxed Jaw Jerk X 3

Peanut Chew

Ad Lib

O-C-C X I0
Ret rus i on
Gum Chew

Ad Lib

Protrusion

Clenched Jaw-Jerk X 2
Relaxed Jaw-Jerk X 2

(Calibration Signal)
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